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See-in-dark  Systems  Probe 


New  design  50  ohm  attenuator 

0  to  132  db  in  1  db  steps 
DC  to  500  MC 


54  db  accuracy  full  range  for  low  attenuation 
values.  Maximum  error  at  full  attenuation  2  db. 
“One-knob"  control.  Super  compact  design — size 
approximately  x  2j4"  x  6". 

These  are  characteristics  of  the  new,  rugged,  sim¬ 
ple  -hp-  355A/B  attenuators. 

-hp-  355A  provides  0  to  12  db  in  1  db  steps,  -hp- 
355B  provides  0  to  120  db  in  decade  steps.  To¬ 
gether,  132  db  of  attenuation  from  DC  to  500  MC 
is  available,  with  simplest  possible  controls,  pre¬ 


mium  accuracy,  and  no  complex  setup.  A  solid- 
shield  50  ohm  connector  may  be  used  to  intercon¬ 
nect  the  two  attenuators. 

These  new  -ftp-  attenuators  have  balanced  capac¬ 
ities  and  completely  shielded  sections.  They  are  en¬ 
closed  in  a  sturdy  metal  case,  yet  weigh  only  1J4 
pounds. 

Ask  your  -hp-  representative  to  show  you  these  prac¬ 
tical,  minimum-space  attenuators  this  week. 


SPECIFICATIONS 

Allenuotion:  -hp-  3S5A,  12  db  in  1  db  steps,  -hp-  3SSB,  120  db  Max.  Insertion  Loss:  0  at  DC,  0.4  db  at  60  MC,  1  db  at  250  MC, 

in  10  db  steps  1.5  db  at  500  MC 

Frequency  Range:  DC  to  500  MC  Power  Dissipation:  0.5  watt  average;  350  v  peak 

Overall  Accuracy:  -hp-  355A,  ±0.25  db,  DC  to  500  MC.  -hp-  Connectors:  BNC 

355B,  ±1  db,  DC  to  250  MC,  ±2  db,  250  to  500  MC  Size:  2-3/16"  wide,  2-5/8"  high,  6"  long.  Net  weight  1'/, 

Nominal  Impedance;  50  ohms  pounds 

Maximum  SWR:  1.2  to  250  MC,  1.5  to  500  MC  Price:  -hp-  355A,  $125.00.  -hp-  355B,  $125.00 

Data  subject  to  change  uvithout  notice.  Prices  f.o.b.  factory 
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TUBING  and  TAPE 


HEAT 

RESISTANT 


for  sharp  bends 
and  irregular 


—for  continuous  perform¬ 
ance  at  temperatures  up 
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^ISOIASTANE  h  Nal far’s  new  elastomeric 
isocyanate  type  coating  for  Fiberglas  braii 
and  tape.  Reg.  U.S.  Pat.  Off. 


Natvar  Products 


2  CIRCLE  NO.  2  READER  SERVICE  CARD 


Isolastane  is  outstanding  in  its 

•  ElASTICirr  (EXTENS/B/lfrri  •  TOUGHNESS  AND  ABRASION  RESISTANCE 

•  RESISTANCE  TO  HEAT  •  WET  DIELECTRIC  STRENGTH 

•  RESISTANCE  TO  CRAZING  AND  CRACKING  •  LOW  TEMPERATURE  FLBXIBIUTY 

•  RESISTANCE  TO  SOLVENTS,  #  FUNGISTATIC  QUALITIES 

INCLUDING  THE  ASKARELS 


F«//  technical  data  and  samples  are  available  on  request. 


CIRCLE  NO.  3  READER  SERVICE  CARD ->> 


Natvar  Isolastane  is  now  making  important  savings  possible.  It  makes  it  un« 
necessary  to  use  expensive  Class  H  materials  to  solve  temperature  problems 
during  the  manufacture  of  products  which  do  not  require  Class  H  rating 


•  Vorniihtd  combrtc— thol  Qnd  top* 

•  Vorniihtd  convot  ond  duck— 
th*«t  and  tap* 

•  Varnith*d  tilk  and  tptcial  rayon— 
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•  Vinyl  coatod  ond  silicon*  rubbor 
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•  Styroflox*  floxibk  polystyron*  top* 

•  Extrudod  idontification  markors 
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NATVAR 


CORPORATION 


fORMERlV  THE  NATIONAt  VARNISHED  PRODUCTS  CORPORATION 

TELEPHONE  CABLE  ADDRESS 
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'ou  should  know  about 


VVER  the  years  Kennedy  has  expanded  its  facilities  to 
meet  the  needs  of  the  antenna  industry  .  .  .  and  today  pro¬ 
vides  a  complete  field  engineering  service  geared  to  solve 
the  complex  problems  of  antenna  systems  installation. 

This  service,  conducted  by  thoroughly  experienced 
Kennedy  field  engineers  and  technicians,  includes  site 
selection  assembly,  erection,  trouble  shooting  and  checkout, 
customer  liasion,  and  on-the-job  training  for  systems  per¬ 
sonnel  in  operation  and  maintenance. 

An  important  fact  is  underlined  here:  that  Kennedy 
capability  in  antenna  systems  is  total  capability. 


ANTENNA  EQUIPMCNT 


H'rst  Coast  Affitiate  .  .  . 

SATELLITE  KENNEDY, INC.  of  CALIFORNIA 
P.O.  Box  1711,  Montnty,  Califarrua  FRontlor  3-3461 
Doum-iotarBi  SOLUTIONS  to  ttU-tf-llut-warU  PROBLEMS 
Tracking  Antonn«a-Radlo  Totoocopoo-Radar  Antannaa 
“Trana- Horizon”  Antonnaa-Tropoapharic  Seattar 
lonoapharlc  Seattar 
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Member  ABP  and  ABC 


SEE-IN-DARK  SYSTEMS.  As  any  tip-toeing  husband  who  has  ever 
come  home  late  knows,  there  are  many  ways  of  avoiding  furniture  in 
the  dark.  But  they  are  out  of  our  domain.  What  we’re  reporting  on 
this  week  is  serious  and  new:  low-light-level  television.  It  provides 
eyes  for  nuclear  submarines  and  space  vehicles.  It  is  also  used  in  radio 
astronomy  and  gunfire-control  work. 

Seeing  in  the  dark  or  semi-dark  is  important  to  our  military  people. 
Our  story,  “How  Military  Sees  In  Dark,”  begins  on  p,  20.  Associate 
Editor  Mason  was  the  moving  force  behind  it. 

Low-light-level  tv  devices  give  night  vision  far  better  than  the  human 
eye’s.  The  Army  is  very  interested  and  active  in  this  field.  So  is  the 
Navy’s  Bureau  of  Aeronautics.  Companies  are  getting  new  contracts. 
All  of  which  adds  up  to  bright  prospects  for  see-in-dark  systems. 

PROSPERITY  &  PROBLEMS.  It’s  troublesome  but  true:  prosperity 
and  problems  often  skip  down  the  business  street  hand-in-hand.  This 
is  happening  these  days  in  the  magnetic  recording  industry. 

Tape  sales  show  signs  of  jumping  by  200,000 — from  450,000  to  650,- 
000  units — this  year,  says  the  Magnetic  Recording  Industry  Associa¬ 
tion.  In  fact,  MRIA  thinks  the  jump  could  even  be  more  of  a  whopper, 
way  up  to  750,000.  Whatever  the  final  figure,  prospects  are  pleasing. 

Now,  enter  problems.  The  magnetic  recording  industry  faces  four 
big  ones — the  stereo  disk,  the  tape  cartridge,  the  excise  tax  (buried 
but  not  completely  dead)  and  Japanese  importations. 

To  find  out  who  thinks  what — and  why — Electronics’  Midwestern 
Editor  Harris  went  to  prime  sources,  executives  in  the  industry.  They 
spoke  frankly.  What  they  said  appears  in  the  article  “Business  Is 
Good,  But  .  .  .”  It  appears  on  p.  23. 

Coming  In  Our  July  3  Issue  .  .  . 

COMMUNICATIONS  AND  THE  IGY.  Two  years  ago,  30,000  scien¬ 
tists  and  technicians  of  66  nations  launched  a  cooperative  effort  which 
is  unparalleled  in  modern  history.  The  knowledge  of  the  earth’s  en¬ 
vironment  which  has  been  garnered  in  this  tremendous  project  w’ill 
have  profound  effects  on  man’s  future  scientific  achievements.  Although 
obscured  by  more  spectacular  experiments  such  as  Vanguard,  much 
valuable  data  was  obtained  with  rockets  launched  to  perform  iono¬ 
spheric  and  solar  studies. 

Next  week.  Associate  Editor  Leary  discusses  the  significance  of  the 
tons  of  IGY  data  now  reposing  in  three  world  data  centers.  You’ll  learn 
how  movement  of  air  masses,  earth’s  magnetic  field,  weather,  solar 
activity  and  the  behavior  of  the  ionosphere  affect  world  communica¬ 
tions. 

MAGNETIC  PULSER.  Small  size  and  reliable  operation  are  achieved 
in  a  radar  pulse  generator  by  use  of  transistors  and  magnetic  cores. 
According  to  Arthur  Krinitz  of  MIT’s  Servomechani.sms  Lab,  use  of 
these  solid-state  devices  as  a  substitute  for  conventional  thyratrons  or 
vacuum-tube  amplifiers  provides  indefinitely  long  life  for  such  a 
circuit. 

THERE’S  MORE.  Other  highlights  of  next  week’s  issue  include:  a 
device  for  measuring  light  intensity  by  controlling  the  discharge  rate 
of  a  blocking  oscillator;  details  of  the  pulse  generator  used  with  the 
B3  Stellarator  for  thermonuclear  power  experiments;  a  discussion  of 
resonant-ring  diplexing  techniques  for  .scatter  communications  and  a 
useful  reference  sheet  for  the  calculation  of  radar  interference. 
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Raytheon  diffused  junction  Silicon  Rectifiers  for  missile  and  other 
critical  applications  were  the  first  to  be  put  into  mass  production. 
They  are  outstanding  for  high  forward  conductance,  exceptional 
reverse  recovery.  Many  meet  requirements  of  MIL-E-IO. 

Raytheon  Bonded  Silicon  Diodes  feature  low  reverse  current,  high 
forward  conductance  and  excellent  stability  in  high  temperature 
applications.  All  are  subject  to  environmental  quality  control. 
Twenty-seven  types  cover  every  need. 

Raytheon  Germanium  Diodes  meet  the  highest  standards  of  quality, 
uniformity  and  performance.  Both  gold  bonded  and  point  contact 
constructions  are  available  in  a  wide  range  of  characteristics.  - 


Raytfcean  Circtitfaks  are  compact,  encapsu¬ 
lated  sub-assemblies  of  Diodes,  Rectifiers. 
Transistors  and  other  components  for  uses 
such  as  Phase  Comparators,  Bridges,  Choppers. 
Flip-Flops,  etc.  They  save  space,  speed  assem¬ 
bly  and  assure  Raytheon  reliability. 


SEMICONDUCTOR  DIVISION 
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CONTENTMENT 
IS  FOR  COWS 


Recently  our  engineering  department  came  up  with  an  improvement  in  a  miniature  precision  poten¬ 
tiometer  which  had  been  ordered  consistently  by  one  of  our  customers.  Although  the  original  design 
had  more  than  met  the  customer’s  specifications,  we  filled  his  next  order  with  the  improved  version 
—  at  no  increase  in  cost!  This  is  but  one  example  of  how  Waters’  alertness  to  the  need  of  constant 
research  and  experimentation  is  advantageous  to  all  concerned.  We  are  never  content  with  any  po¬ 
tentiometer  we  make,  regardless  of  how  well  it  meets,  or  even  exceeds,  specifications.  Ask  for 
Waters  Catalog  PF1258  —  we  believe  you  will  be  favorably  impressed. 


ARC  1'/. 


Twice  as  many  pots  in  the  same  panel  space! 

The  APC  I  Vi  permits  mounting  two  I  Vi*  diameter  pots  in  tandem  rather  than 
side  by  side  .  .  saves  panel  space,  simplifies  design.  Concentric  shafts  can  be 
totaled  independently  by  a  dual  knob,  concentric  gears,  or  other  simple  means. 
For  single  hole  or  servo  mounting.  With  stops,  or  continuous  rotation  of  either 
or  both  elements.  Also  available  with  Vi*  diameter  (type  APC  Vi).  Either  size 
can  be  supplied  with  the  same  specifications  as  Waters  standard  RT  Vi  and 
AP  IVi  potentiometers.  Write  lot  Bulletin  459-2. 
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more  "Building  Blocks”  for  digital  data  systems 

DYMEC  MULTI-PURPOSE  AND 

Readily  adaptable  to  remote  operation,  automatic  programming. 


Many  accessories  and  couplers  are  available,  as  well  as  multiple 
input  and  output  arrangements.  Dymec  specializes  in  designing 

and  manufacturing  advanced  counters  and  counter  systems. 


DY.2500  COMPUTING  DIGITAL  INDICATOR 
RPM,  flow,  pressure,'  speed,  frequency - 
all  may  be  read  easily  in  direct  numeric  form  with 
the  DY-2500  and  appropriate  transducers. 

Features  of  the  extremely  versatile  DY-2500  include: 

S-digit  readout,  4  or  5  preset  decades,  gate  time  adjustable 
from  0.0001  to  9.9999  seconds  in  0.1  msec  steps 
(other  ranges  available),  frequency  rarr^e  1  cps  to  120  kc 
(220  kc  optional),  crystal  accuracy,  input  sensitivity 
0.2  V  rms  (5  mv  optional),  recorder  and  b-c-d  output, 
built-in  self-check.  Price:  J1330  to  $1425.  Also  DY-2500N 
with  "nixie"  in-line  readout.  Pric^  $1525  to  $1600. 

(Both  models  available  in  cabinet  or  rack  mount.) 


DY-2507  DUAL  PRESET  COUNTER 
Precise  control  and  monitoring  of  machine  processes, 
automatic  limit  control  and  warning,  sorting, 
packaging,  automatic  coil  winding,  equipment 
programming,  go/no-go  testing-these  are  typical 
production  and  research  assignments  which  the 
Dy-2507  performs  dependably  and  accurately. 

The  DY-2S07  provides  an  output  when  either  of  two 
preset  values  is  reached,  or  exceeded.  Output  is 
continuous  or  pulsed;  reset  is  manual  or  automatic. 
Presetting  is  on  front  panel,  or  remote.  Available  with 
3  to  6  decades.  Price:  $700  to  $895  (rack  mount  only). 


DVIS/1ECMINC. 


Data  subject  to  change  without  notice.  Prices  f.o.b.  factory. 

Write  for  engineerinK  data  sheets  on  the  above. 

DYMEC,  INC. 

Dept.  Ed.  395  Page  Mill  Road  •  Palo  Alto,  Calif.,  U.S.A. 

DAvenport  6-1755 

Field  representatives  in  all  principal  areas 


DY-2503A/B  FM/FM 
TELEMETERING  COUNTERS 


Simplify  telemetering  operations!  An  original  Dymec 
contribution.  Normalized  indications  of  FM  FM  sub¬ 
carrier  signal  period.  Six-place  indication  displays  ratio 
between  input  signal  period  and  channel  mid-band 
period.  18  channels  selected  by  pushbuttons;  equal 
resolution  on  all  channels,  1  part  in  1(X),000  or  1  part 
in  10,000  with  .1.0  or  0.1  second  sampling  time  (front 
panel  control)!  Digital  recorder  output.  Model  DY-2503B 
IS  similar  to  the  DY-2503A  but  includes  a  function 
selector  and  multiplier  controls.  Price:  DY-2503A 
(cabinet  mount)  $1650,  (rack  mount)  $1630.  DY-2503B 
(rack  mount  only)  $1800. 
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SWEEP  DELAY 
Samw  itgnoi  ditplayd  timulton^ously 
on  %tow  swoop  (uppor  boom)  and  fast 
swoop  {towor  boom)  shows  bo^h  coors* 
and  fino  structuro  of  woroform. 


NEW  DC-to-30  MC 

'  -  l- 

DUAL-BEAM  Oscilloscope 

(inik  Lukpmi^  l?efhdloni 


TYPE  555 


I  wo  electron  beams,  each  with  its  own  X 
and  Y  deflection  systems,  help  make  possible 
a  highly  versatile  dual-beam  oscilloscope. 

Either  of  the  two  time-base  generators  in  the  Type  555  can  deflect 
either  beam  for  dual  and  single  displays,  and  either  can  deflect  both 
beams  for  a  dual  display  on  the  same  time  base.  Time-base  units 
are  the  plug-in  type  to  facilitate  instrument  maintenance. 

W'/f/j  one  thne-ha$e  generator  functioning  as  a  delay  generator,  the 
start  of  any  sweep  generated  hy  the  other  can  he  held  off  for  a  selected 
time  interval  with  a  high  degree  of  accuracy.  Both  the  original  display 
and  the  delayed  display  can  be  observed  at  the  same  time.  The  "trig¬ 
gered"  feature  can  he  used  to  obtain  a  jitter-free  delayed  display  of 
signals  with  inherent  jitter. 

Signal-handling  versatility  is  provided  by  nine  available  types  of 
plug-in  preamplifiers,  any  combination  of  which  can  be  used  in  the 
two  fast-rise  vertical  channels.  In  addition  to  the  many  application 
areas  opened  with  Tektronix  plug-in  preamplifiers,  a  three-channel 
or  four-channel  display  is  available  through  use  of  the  time-sharing 
characteristics  of  Type  C-A  Dual-Trace  Units  in  one  or  both  channels. 

Please  call  your  Tektronix  Field  Engineer  or  Representative  for 
complete  specifications. 


Characteristics 

INDiPtNDENT  ELECTRON  BEAMS 

Separate  vertical  ond  horizontal  deflection  of  both  beoms. 

FAST-RISE  MAIN  VERTICAL  AMPLIFIERS 

Possbonds  — dc  to  30  me  with  Type  K  Units. 

Risetimes— 12  mpsec  with  Type  K  Units. 

All  TektroniK  Plug  In  Preomplifiers  con  be  used  in  both  vertical  channels 
for  signal  handling  versatility 

WIDE-RANGE  TIME-BASE  GENERATORS 

Either  time-base  generator  can  be  used  to  deflect  either  or  both  beams. 
Sweep  ranges— 0.1  ;isec  cm  to  12  sec  cm.  5  x  mognifiers  increase 
calibrated  sweep  rotes  to  0.02  /isecrcm. 

SWEEP  DELAY — Two  modes  of  operation. 

Triggered  — Delayed  sweep  started  by  signal  under  observation. 
Conventional  — Delayed  sweep  started  by  deloyed  trigger. 

Delay  range  — 0  5  psec  to  50  sec  in  24  calibrated  steps,  with  continuous 
calibrated  adjustment  between  steps. 

HIGH  WRITING  RATE 

10'KV  Accelerating  potential  provides  bright  traces  at  low  repetition 
rates  and  in  one-shot  application. 

REGULATED  POWER  SUPPLY 

All  dc  voltages  electronically  regulated. 

Heater  voltages  also  reguloted. 


PRICE,  Typ*  555  without  plug-in  preamplifiers.  .  .  .$2600 
Includes  Indicator  Unit,  Power  Supply  Unit,  2  Time-Bose  Units, 

4  Probes,  Time-Base  Extension. 

Typ*  500A  Scope-Mobile 

(as  shown  with  Type  555) . $100 

Type  500/53  Scope-Mobile 

(with  supporting  cradles  for  plug-in  preamplifiers) .  $1 1 0 
Prices  f.o.b.  factory 

Tektronix,  Inc. 

P.  O.  Box  631  *  Portland  7^  Oregon 

Phone  CYpress  2-261 1  •  TWX  PD  31 1  •  Cable:  TEKTRONIX 

TEKTRONIX  FIELD  OFFICES:  Albertson,  L.I..N  Y.  •  Albuquerque  •  Atlarrto,  Go  •  SronRyilte* 
N  Y  •  Buffolo  •  Clevelond  •  Oollos  •  Ooytort  •  Elmwood  Pork,  III.  •  Endwell,  N.Y,  •  Houston . 
lothrup  Village,  Mtch  •  Eost  los  Angeles  •  West  los  Angeles  •  Minneapolis  •  Mission,  Konsos 
Newlonville,  Moss.  •  Orlondo,  Flo  •  Polo  Alto,  Coht.  •  Philadelphia  •  Phoenn  •  Son  Diego 
St  Petersburg,  Flo  *  Syrocuse  *  Towson,  Md  *  Unton,  N  J.  *  Woshington,  D.C.  *  Willowdole,  Ont. 

TEKTRONIX  ENGINEERING  REPRESENTATIVES:  Howthorrre  Electronics,  Portiond,  Oregon  « 
Seottle,  Wash  ,  Hytronic  Meosurements.  Denver.  Colo..  Solt  lake  City.  Utoh. 

Tektronix  IS  represented  m  20  oversees  countries  by  quolified  engineering  ergonizotions, 

Taktronix  monufocFuras  fwanty  ofhar  foberoFory  oscllloscopRf/ 
t#n  of  whith  arm  also  availabla  as  rack»maunfing  instrumant$0 


8  CIRCLE  NO.  8  READER  SERVICE  CARD 


CIRCLE  NO.  9  READER  SERVICE  CARD->- 


inte  hermetically  sealed  solenoids 

Just  like  a  sealed  vacuum  tube!  True  hermetic  sealing  around  a 
solenoid ...  glass  seal  terminals,  lugs,  and  connectors.  All  welded  and 
brazed  construction.  Completely  plated  after  assembly.  Exceed  most 
requirements  of  military  specif  cation  MIlrS-4040  (USAF).  Priced 
at  approximately  the  same  level  as  conventional  types. 


high-temperature  solenoids 

These  modem  new  solenoids  give  you  a  reasonable  life  expectancy 
at  temperatures  as  high  as  350P  C.  A  by-product  of  hermetic  sealing. 
Class  H  insulation  combined  with  inert  gas  filling  add  those  necessary 
extra  few  degrees  needed  in  your  temperature  limits . . .  make 
these  solenoids  exceptional  high-quality,  high-temperature  units. 


solenoids 


. . .  and  those  unusual  specialties  you  look  for! 

Having  trouble  finding  solenoid  specialties?  Here  at  Cannon,  we'd 
like  to  help  you.  Standard  production  now  includes  multiple-strip 
solenoids  for  keyboard  operation,  locking  types  requiring  no 
holding  current,  and  miniatures  and  sub-miniatures 
Vi  diameter.  In  addition,  our  expanded  solenoid  engineering 
department  is  ready  to  serve  you  at  any  time. 


t«n  1M21 

••■vwtiMal  d.«.  mImmMi 
May  JPMI 

■WhiWritmiliijI 


®  CANNON  ELECTRtC  CO.,  3208  Humbotdt  St.,  Los  Angeles  31,  Celif. 
Please  refer  to  Dept.  120 

Factories  in  Los  Angeles,  Salem,  Mass.,Toronto,  London,  Melbourne.  Manufacturing 
licensees  in  Paris  and  Tokyo.  Representatives  and  distributors  in  all  principal  cities. 
See  your  Telephone  Yellow  Book. 

Please  ask  for  latest  SR-S  releases  andfor  Solenoid  Bulletin. 


electronics 

BUYERS'  GUIDE 

and  REFERENCE  ISSUE 


For  nineteen  years,  firms  in  the  electronics  industry  have  made  direct  contributions 
to  the  accuracy,  completeness  and  authenticity  of  the  BUYERS’  GUIDE. 

Recently,  the  staff  of  the  BUYERS’  GUIDE  decided  to  award  plaques  to  express 
appreciation  to  those  in  the  industry  who  had  made  direct  contributions  to  improve 
the  product  listings.  The  photograph  above  represents  a  few  of  the  awards  that 
have  been  made. 

The  awarding  of  the  plaques  is  but  one  indication  of  how  the  BUYERS’  GUIDE 
evolved  over  the  years ...  a  cooperative  effort  between  the  pnhUcation  and  the 
industry  it  serves. 

Only  through  years  of  experience  can  a  buyers’  guide  reflect  the  needs  of  an 
industry  as  complex  and  dynamic  as  electronics  .  .  .  one  more  reason  why  the 
BUYERS’  GUIDE  is  the  ONE  accepted  product  and  data  book  in  the  field. 

Published  mid-year  as  the  53rd  issue  of  electronics 


A  McGRAW-HILL  PUBLICATION 

330  WEST  42ND  STREET,  NEW  YORK  36,  N.Y. 
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BUSINESS  THIS  WEEK 


ELECTRONICS  NEWSLETTER 

lOO-WATT  THERMOELECTRIC  GENERATOR  has 
been  developed  by  Westinghouse  Electric  for  the 
Air  Research  and  Development  Command. 
Known  as  TAP-100  (terrestrial  auxiliary  power, 
100  watts),  the  new  generator  is  said  to  put  out 
10  times  as  much  electricity  as  similar  devices. 
“Such  a  source  of  thermoelectricity  could,  for 
example,  power  electronic  installations  in  iso¬ 
lated  areas  of  the  world,”  says  Rome  ADC  com¬ 
mander  Brig.  Gen.  D.  P.  Graul.  Unit  weighs  40 
lbs  and  is  about  the  size  of  a  medicine  ball.  Says 
Westinghouse  v-p  S.  W.  Herwald:  “No  longer  is 
there  any  question  about  the  feasibility  of  ther¬ 
moelectricity  as  a  useful  method  of  electric 
power  generation.” 

Digilock  telemelrg  agatem  being  developed  by  Space  Elec- 
troniea  Corp.  for  Jet  Propulaion  Laboratory  will  trana- 
mit  up  to  25fiOO  data  aamplea  per  aeeond.  Five-pound 
unit  conauming  3-S  watts  is  expected  to  bridge  more 
than  100  million  miles. 

SATELLITE  INTERCEPTOR  STUDY  will  be  un¬ 
dertaken  by  RCA’s  Missile  Electronics  and  Con¬ 
trol  Dept,  under  a  $600,000  program  financed  by 
the  Advanced  Research  Projects  Agency.  Six- 
month  study  aims  to  find  out  if  a  defense  can  be 
developed  against  an  enemy-operated  satellite. 
ARPA  Director  Roy  Johnson  hopes  the  study  will 
produce  data  for  developing  an  interceptor  sys¬ 
tem  that  could  operate  before  1970. 

RADAR  SYSTEMS  WORTH  $47  MILLION  will  be 
developed  and  produced  by  the  Air  Force  under 
contracts  awarded  to  Sperry  Gyroscope.  The 
high-powered  air  search  radar  will  be  part  of 
the  Continental  Aircraft  Control  and  Warning 
System  which  seeks  and  identifies  air-breathing 
missiles  and  aircraft.  Sperry  had  been  named 
last  year  by  Rome  Air  Force  Depot  as  system 
manager  for  the  radar,  designated  AN/FPS-35. 

AIRBORNE  RECONNAISSANCE  SYSTEM  versa¬ 
tile  enough  to  be  integrated  into  several  existing 
aircraft  will  be  planned  and  developed  under  a 
$38.9-milIion  prime  contract  just  awarded  to  Air¬ 
borne  Instruments  Laboratory  by  the  Air  Materiel 
Command.  The  electronic  system,  AN/ASM-1, 
will  be  developed  for  the  Aerial  Reconnaissance 
Laboratory,  Wright  Air  Development  Center,  O. 
AIL  is  responsible  for  antennas  and  automatic 
receivers;  Sperry — tactical  support  and  training 
equipment;  Aerojet — infrared  gear;  Filtron — r-f 
equipment;  Haller,  Raymond  and  Brown — human 
factors,  operational  environment  and  user  re¬ 
quirements;  Raytheon — semiautomatic  receiver 
gear;  Sylvania — data  processing;  Temco — weap¬ 
ons  systems  integration  and  flight  testing. 

NEXT  BRITISH  COMPUTER  GENERATION  will 
get  financial  support  from  the  National  Research 
and  Development  Corp.,  a  semiofhcial  body  that 
exploits  new  inventions  and  patents.  Two  major 


firms,  Ferranti  and  EMI  Electronics,  will  get 
an  undisclosed  amount  of  aid  from  NRDC  for  two 
machines  slated  to  appear  in  1961  or  1962.  Atlas, 
the  new  Ferranti  machine,  will  use  Manchester 
University  research  ideas.  It  will  have  multiple 
time-sharing  facilities  at  speeds  100  times  faster 
than  the  present  Ferranti  Mercury,  whose  addi¬ 
tion  time  on  floating  point  operation  is  180  micro¬ 
seconds.  Emidec  3400,  to  be  developed  by  EMI 
out  of  its  2400  series,  is  also  expected  to  offer 
more  multiplexing  facilities;  speeds  will  be  up 
a  factor  of  ten  over  the  2400  series,  whose  addi¬ 
tion  time  is  33  microseconds. 

B-70  electronic  shield  will  be  developed  and  built  by  the 
Air  Arm  division  of  Westinghouse  Electric  under  a 
multimillion-dollar  contract  from  North  American 
Aviation,  weapon  system  contractor  for  the  intercon¬ 
tinental  bomber.  Defensive  system  will  use  electro¬ 
magnetic  and  other  techniques  to  make  an  attack  “dUK- 
cult  if  not  impossible.”  Electronic  gear  is  packaged  in 
plug-in  units. 

PASSIVE  AIRBORNE  DETECTION  and  ranging 
system  which  correlates  data  for  armament  con¬ 
trol  is  being  developed  by  the  Astrionics  division 
of  Fairchild  Engine  and  Airplane  Corp.  Firm 
just  got  first  increment  under  a  $3-million  pro¬ 
gram  for  Hughes  Aircraft,  prime  contractor  for 
Air  Force  armament  control  equipment.  Contract 
calls  for  development  and  prototype  production 
of  Fairchild’s  PACOR  (passive  correlation)  sys¬ 
tem  for  several  combat  aircraft.  Preliminary 
work  was  done  last  year  under  a  $300,000  AF 
contract.  System  is  understood  to  be  a  refine¬ 
ment  of  the  company’s  civilian  passive  detection 
and  ranging  system  (PADAR)  being  tested  for 
the  Federal  Aviation  Agency  as  a  midair  collision 
avoidance  system  (Electronics,  p  11,  June  6). 

BEACON  FOR  FREEFALLING  CAPSULE  has 
been  developed  by  GE’s  Missile  and  Space  Vehicle 
Dept.  Designed  to  withstand  shocks  of  more 
than  5,000  g,  it  was  developed  to  aid  recovery  of 
data  capsules  after  they  freefall  25,000  ft  from  a 
reentering  nose  cone.  Uhf  signals  from  the  18-oz 
beacon  have  been  picked  up  more  than  100  mi 
away;  two  pound  mercury-cell  power  supply  lasts 
about  one  and  a  half  days. 

Missile  checkout  subsystem  to  be  developed  by  Epsco- 
West  under  a  contract  from  Douglas  Aircraft  will 
switch  one  or  more  of  225  inputs  into  a  missile’s  guid¬ 
ance  circuitry.  Signals  simulate  different  environ¬ 
mental  stimuli.  If  missile  fails  in  test,  computer 
rechecka  and  isolates  fault. 

SOLID  FUEL  ROCKET  MOTORS  will  be  tested 
with  a  new  data  acquisition  system  to  be  built 
by  Minneapolis-Honeywell.  Navy’s  Allegany  Bal¬ 
listics  Laboratory  will  use  the  system  to  monitor 
and  record  temperature,  pressure,  force,  strain, 
vibration  and  other  variables,  and  process  the 
data  for  further  analysis. 
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PURE  WATER 
EQUIPMENT 
FOR  EVERY 
PURE  WATER  NEED 


WASHINGTON  OUTLOOK 


BARNSTEAD 

WATER 

RE -PURIFYING 
SYSTEM 


WASHINGTON — next  big  spending  boom  in  the  missile  business  will  be 
for  faster  research  and  development  on  the  Nike-Zeus  anti-ICBM  system. 

The  Administration’s  new  “Master  Plan”  earmarks  $157  million  extra 
to  the  Zeus  program  for  fiscal  1960.  This  is  in  addition  to  roughly  $300 
million  set  aside  in  the  original  budget. 

In  effect,  the  Administration  is  allowing  the  Army  to  use  the  extra 
funds  the  House  of  Representatives  has  already  voted  for  the  project. 
The  House  tacked  on  $200  million  to  the  Army’s  appropriation  for  both 
Zeus  and  general  hardware  procurement — without  specifying  how  much 
for  each  project. 

The  additional  budget  allocation  falls  far  short  of  the  $700-million 
increase  the  Army  has  fought  for  unsuccessfully.  The  Army  wants  to 
start  tooling  up  for  production  of  Zeus  components  and  subsystems  this 
year. 

Many  electronics  companies  will  gain  from  the  latest  decision  to  speed 
R&D  work  on  Zeus.  Western  Electric  and  Bell  Telephone  Labs,  of  course, 
are  the  project  prime  contractors  and  technical  managers. 

Other  important  electronics  contractors :  Sperry  Rand,  working  on  the 
system’s  target  track  transmitters;  RCA,  acquisition  radar  transmitters; 
Ryan  Aeronautical,  the  missile-borne  seeker;  Goodyear  Aircraft,  acquisi¬ 
tion  transmitter-receiver  antennas;  Lear,  stable  platform;  Allis-Chalmers, 
target  track  antenna  drives;  Armstrong  Cork,  development  of  an  artificial 
dielectric;  and  Firestone,  instrument  environmental  tests. 

But  on  the  more  controversial  end  of  the  air  defense  program — anti¬ 
aircraft  missiles — the  Administration’s  new  “Master  Plan”  still 
leaves  the  outlook  very  much  up  in  the  clouds. 

The  Pentagon  proposes  to  cut  scheduled  expenditures  for  the  rival 
Army  Nike-Hercules  and  Air  Force  Bomarc  missiles  by  a  total  of 
some  $1.5  billion  over  the  next  five  years.  This  is  believed  to  be  a 
reduction  of  about  25  percent  in  scheduled  spending  for  production 
and  base  construction  for  the  two  missiles. 

The  planned  budget  cut  breaks  down  roughly  this  way:  $900  mil¬ 
lion  for  Bomarc  (Westinghouse  is  the  guidance  contractor)  and  $600 
million  for  Nike-Hercules  (Western  Electric). 

The  Bomarc  is  getting  the  bigger  trimming  only  because  the 
scheduled  rate  of  spending  for  the  project  is  much  higher  than  for 
the  Nike-Hercules,  a  mi.ssile  already  in  volume  production  and  now 
deployed  at  operational  sites  spotted  across  the  country.  The  first 
Bomarc  unit  will  not  be  operational  until  later  this  year. 

Prospects  for  the  two  projects — especially  for  Nike-Hercules — 
are  still  uncertain.  Many  influential  lawmakers  are  skeptical  about 
the  Administration’s  decision  to  continue  production — even  at  a 
sharply  reduced  rate. 

Senator  Henry  Jackson  (D..  Wash.),  for  instance,  says  spending 
any  more  money  on  antiaircraft  defenses  is  “throwing  money  down 
the  drain.”  Jackson  and  other  critics  argue  that  the  threat  of  a 
Russian  bomber  attack  has  diminished  so  much  that  there’s  no  justi¬ 
fication  for  continued  production.  Nearly  $3.7  billion  has  been  spent 
so  far  on  both  Nike-Ajax  and  Hercules,  about  $1.9  billion  for 
Bomarc. 

The  House  has  already  cut  funds  for  Bomarc  production  by  about 
one-third,  while  the  Senate  Armed  Services  Committee  has  called 
the  Nike-Hercules  “virtually  obsolete”  and  ordered  a  freeze  on  base 
construction. 

It’s  still  very  likely  that  Congress  will  make  even  more  severe 
cuts  in  budgets  for  one  or  both  of  the  antiaircraft  missiles. 


PRODUCES  PURE  WATER 
of  1 0,000,000  ohms 
ELECTRICAL  RESISTANCE 


Equipment  consists  of  Barnstead  Demineral¬ 
izer,  organic  removal  cartridge,  and  mixed- 
bed  cartridge  for  removal  of  organic  matter 
and  mineral  impurities.  The  Barnstead® 
MF®  Submicron  Filter  removes  panicles 
down  to  0.4$  micron.  The  distilled  water 
storage  tank  is  equipped  with  a  Barnstead 
Ventgard®  which  purifies  the  air  entering 
the  storage  tank.  Keeps  distilled  water  pure 
by  removing  all  air-borne  bacteria,  dust, 
gases,  mist  etc.  Re-circulates  and  re-purihes 
the  distilled  water  to  10,000,000  ohms  electri¬ 
cal  resistance.  Also  removes  organic  contami¬ 
nation. 

Compact  in  size  .  .  fits  under  laboratory 
table  or  bench.  Ideal  (or  use  in  pilot  plant 
operations,  where  ultra  pure  water  is  required 
(or  lab  tests,  (or  experimental  work  in  semi¬ 
conductor  field,  crystal  growth  experiments  etc. 


NEW  EURE  WATER  LITERATURE 

If  you  need  Pure  Water,  either  in  Labora¬ 
tory  amounts  or  production  quantities, 
coma  to  Barnstead  with  your  problem 
.  .  .  Pure  Water  Specialists  Since  1878. 
Write  for  literature  on  Stills,  Oemineral- 
Uers,  MF  Subfflicron  Filters. 


STILL  MU  STERILIIER  CO. 


lonesville  Terrace  •  Boston  31,  Moss. 


miUOELPHI^  NEW  TOUR  LOS  8N6EIES 
LOcest  HlBgsbrMfe  RVan 

•-178B  8-1587  8-8822 
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C-,  AUTeMATIC  TRANSLATION 

Computing  machines  aid  ianguage  research  at  Ramo  -  Wooidridge 


To  formulate  rules  for  automatic  language  translation  is 
an  enormously  subtle  and  complex  project.  Yet  significant 
progress  is  being  made.  During  the  past  year  of  research 
at  Ramo-Wooldridge  over  60,000  words  of  Russian  text 
have  been  translated  and  analyzed  using  an  electronic 
computer.  From  the  beginning  several  hundred  syntactic 
and  semantic  rules  have  been  used  to  remove  ambiguities 
that  are  otherwise  present  in  “word  for  word”  translation. 
Our  present  computer  program  for  automatic  translation 
is  a  considerable  improvement  over  earlier  attempts. 

Apart  from  the  question  of  translation  itself,  electronic 
computers  are  invaluable  for  language  research.  The 
expansion  of  existing  knowledge  of  the  rules  of  language, 
through  statistical  analysis,  is  made  practical  by  mecha* 
nized  procedures.  A  clear  symbiosis  between  linguistics 
and  computer  technology  has  emerged. 

Automatic  translation  research  is  one  of  many  R-W 
activities  addressed  to  problems  of  communication  of 


scientific  information.  These  problems  are  increasing  at 
an  accelerating  pace.  In  this  area,  as  in  others,  scientists 
and  engineers  find  at  Ramo-Wooldridge  challenging 
career  opportunities  in  fields  important  to  the  advance  of 
human  knowledge.  The  areas  of  activity  listed  below  are 
those  in  which  R-W  is  now  engaged  and  in  which  open¬ 
ings  also  exist: 

Missile  electronics  systems 

Advanced  radio  and  wireline  communications 

Information  processing  systems 

Anti-submarine  warfare 

Air  navigation  and  traffic  control 

Analog  and  digital  computers 

Infrared  systems 

Electronic  reconnaissance  and  countermeasures 
Basic  and  applied  physical  research 

For  a  copy  of  our  brochure  or  other  information,  write  to 

Mr.  Donald  L.  Pyke. 


RAMO-WOOLDRIDGE 

P.  O.  BOX  90534.  AIRPORT  STATION  •  LOS  ANOPLES  4S,  CALIFORNIA 

a  division  of  Thompson  Ramo  Wboldridgo  Ine. 
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North  “visioneering”  is  an  engineering  concept  that 
couples  the  accumulated  experience  of  75  years  with  vision' 
that  looks  beyond  the  immediate  future  in  developing 
systems  to  increase  man’s  productivity,  make  man’s  life  more 
comfortable  and  add  immeasurably  to  the  security  of  man’s 
present  and  future. 

The  dramatic  story  of  significant  North  Electric  Company 
contributions  to  system  development  and  engineering  will 
open  whole  new  areas  of  thought  on  how  North  “visioneering” 
can  be  applied  to  extend  the  scope  of  your  capabilities 
beyond  today’s  boundaries. 

A  copy  of  “North  Electric  System  Concepts”  booklet  is 
yours  for  the  asking — write  Dept.  IB,  North  Electric 
Company,  Gabon,  Ohio. 

Control  Systems  •  Communications  •  Electronics 


INDUSTRIAL  DIVISION 


NORTH  ELECTRIC  COMPANY 

497  SOUTH  MARKET  STREET  •  GALION,  OHIO 
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FINANCIAL  ROUNDUP 


New  Stock  Issues  Climbing 


New  offerings  of  electronics  stocks 
have  been  frequent  during  the  first 
half  of  this  year.  It’s  expected  the 
May-June  period,  however,  may  be 
marked  as  the  most  active  to  date 
in  this  regard. 

•  Allied  Instruments,  Houston, 
Tex.,  has  filed  a  letter  of  notifica¬ 
tion  with  Securities  and  Exchange 
Commission  for  100,000  shares  of 
common  stock  to  be  offered  at  $3 
a  share  without  underwriting. 
Money  will  be  used  for  advertising, 
inventory  and  working  capital. 

•  American  Television  and  Ra¬ 
dio,  St.  Paul,  Minn.,  offers  100,000 
shares  of  common  stock  at  $3  a 
share  without  underwriting.  Pro¬ 
ceeds  will  be  used  for  general  cor¬ 
porate  purposes.  This  is  ATR’s 
first  stock  offering. 

•  Associated  Testing  Laborator¬ 
ies,  Boston,  specialist  in  environ¬ 
mental  testing,  reports  an  issue  of 
166,666  shares  of  common  stock 
at  $3  a  share  as  being  oversub¬ 
scribed.  The  issue  was  brought 
out  at  the  end  of  last  month  by  G. 
O’Neil  &  Co.  and  Hooker  &  Fay. 
Proceeds  will  pay  for  moving 
plant  facilities  and  purchase  of 
R&D  equipment. 

•  Avnet  Electronics,  Westbury, 
N.  Y.,  is  offering  175,000  shares  of 
common  stock  at  $5.75  a  share 
through  M.  G.  Kletz  &  Co.  Recent 
information  is  that  the  issue  is 
oversubscribed.  Funds  made  avail¬ 
able  will  be  used  to  expand  prod¬ 
uct  lines. 

•  Burndy  Corporation,  Norwalk, 
Conn.,  reports  that  June  3  issue 
of  152,000  shares  of  common  stock 
is  now  oversubscribed.  Initial  off¬ 
ering  was  at  $17.75  a  share.  The 
proceeds  will  be  used  to  retire 
debts  incurred  in  expansion. 

•  Fanon  Electronic  Industries, 
Brooklyn,  N.  Y.,  manufacturer  of 
stereo  and  intercommunication 
gear,  has  registration  pending 
with  SEC  for  150,000  shares  of 


common  stock  to  be  offered  at  $3 
a  share.  Funds  will  be  used  to 
retire  debts  and  for  general  cor¬ 
porate  purposes. 

•  Hermes  Electronics  Co.,  Cam¬ 
bridge,  Mass.,  reports  oversub¬ 
scription  of  150,000  shares  of  com¬ 
mon  stock  made  available  June  2 
at  $4.50  a  share.  The  firm,  which 
manufacturers  crystal  filters,  dig¬ 
ital  units  and  stable  frequency 
sources,  will  use  most  of  the  pro¬ 
ceeds  to  retire  debts  and  the  bal¬ 
ance  for  general  corporate  pur¬ 
poses. 

•  Telecomputing  Corp.,  Los  An¬ 
geles,  advises  that  its  offering  of 
500,000  shares  of  common  stock  at 
$13.25  a  .share  is  now  oversub¬ 
scribed.  The  monies  will  be  applied 
to  retire  a  series  of  debts. 

•  Ideal  Precision  Meter  Co., 
Brooklyn,  N.  Y.,  plans  to  issue 
137,500  shares  of  common  stock 
for  public  offering  at  $3.75  a  share. 
The  firm  makes  indicating  equip¬ 
ment  for  electronic  and  electrical 
systems,  as  well  as  marine  and 
auto  panels. 


25  MOST  ACTIVE  STOCKS 

WEEK  ENDING  JUNE  12 


SHARES 
(IN  lOO'S) 

HIGH 

LOW 

CLOSE 

Zeiitk  Rails 

1,487 

133V4 

11644 

1304% 

Raytkcii 

1.319 

567% 

51V% 

52 

iRtI  Tel  A  Tel 

1,180 

39 

36 

384a 

Arcs  Carp 

1,108 

157% 

144% 

154% 

Sperry  RirS 

979 

257% 

244% 

25H 

RCA 

935 

65A% 

61 

637% 

Enerses 

792 

21H 

174% 

2OV4 

Cee  DyRiiRlcs 

656 

58Vi 

534% 

584% 

Gea  Electric 

619 

8IV4 

774% 

81 

Gee  Tel  A  Tel 

592 

67V4 

63 

66 

Teias  iRStr 

506 

12734 

117V4 

126V4 

mica 

465 

324% 

29V4 

31V4 

Becknae  iRstr 

438 

61H 

5SH 

584% 

Westiefliaase 

405 

937% 

88V4 

924% 

Littee 

387 

109V2 

97V4 

1054% 

BMrrea(k$ 

379 

37Vi 

34H 

364% 

Elec  A  Mus  lei 

379 

74% 

67% 

7 

Steaiari  Ceil 

350 

194% 

17V4 

184% 

letl  ResistaRcc 

320 

17y4 

15V4 

17 

Lear 

318 

15 

14 

144% 

Gea  lastr 

312 

31H 

274% 

29H 

Dya  Ca  at  Aaier 

262 

104% 

94% 

10 

Natl  Researck 

252 

304% 

26 

274% 

Aiaiiral 

248 

244% 

224% 

234% 

IBM 

248 

488 

3854% 

439 

The  above  figures  represent  sales  t)f  etecironicj 
stocks  on  the  New  Votk  and  American  Stock 
Exchanges.  Listings  are  prepared  exclusively  for 
El  Et  iRONlcs  by  Ira  Haupt  &  (io. 


PLUG-IN  Instruments 

SAVE 

*  design  time  *  panel  space 

*  fabrication  time  *  cost 

*  maintenance 


The  efficient,  flexible, trouble- 
free  performance  of  new  PLUG¬ 
IN  Instruments  means  SAVINGS 
for  you!  SAVE  valuable  time, 
SAVE  valuable  space,  SAVE  on 
installation  cost  and  mainte¬ 
nance.  Use  Plug-ins  .  .  .  and 
profit! 


STANDARD  TRANSISTOR  AND  VACUUM  TUtf 


ORCUnS  AND  MODUUR  HARDWARE 

*  Fr*qu«iKy 
S«l^iv* 
Amplifim 

*  Filters 

*  Delay  Circuits 
and  Delay  Relays 

*  Sensitive  Relays 

*  Power  Supplies 

Write  for  complete  information  on  how 
you  tan  SAVE  ,  with  these  anotog 
and  digital  circuits. 


INSTRUMENTS  INC 

I  416  Lebonon  Road 

NASHVILLE  10,  TENNESSEE 


PLUG  IN 


*  DC  and  AC 
Amplifiers 

*  PhoM  Shift 
Amplifiers 

*  Oscillators 

*  Flip-Flops— 
Gates— Switches 
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MARKET  RESEARCH 


NEW 

PROGRAMS 

have  created 

IMMEDIATE 

OPENINGS 

for  top  quality  engineers 
with  experience  in- 

Preliminary  Analysis 
Aerodynamics 
Flight  Dynamics 
Structural  Dynamics 
Aero-Thermodynamics 
Flight  Simulation 
Space  Communication 
Space  Instrumentation 
Radar  Systems  & 
Techniques 
Electronic 

Countermeasures 
Guidance 
Instrumentation 
Electronics  Test 
Design 
Computing 
Reliability 
Human  Factors 


Well  paid  jobs  for  qualified 
people. 

Relocating  expenses  paid. 

For  information  on  these 
and  other  engineering 
positions,  write: 

B.  J.  Ralph.  Dept.  45 I  E 
Missile  Division 
North  American  Aviation,  Inc. 
12214  Lakewood  Blvd. 

Downey,  California 

MISSILE  mvisiON^ 

NORTH  AMERIC/\^7V^VIATI0N.  INC. 


JAPANESE  ELECTRONICS  PRODUCTION,  1958 

$200  - 


TV  Sets  Rodio  Electron  Parts  Semi-  Radio  Audio  Other 
Receivers  Tubes  conductors  Comm.  Eqpt.  Freq.  Eqpt.  Eqpt. 


Japan's  Output  Rises  40% 


Japanese  electronics  production 
for  1958  amounted  to  $493  million, 
according  to  customs  statistics  re¬ 
leased  by  the  Japanese  Ministry  of 
Finance.  Total  for  1958  represents 
a  rise  of  40  percent  over  1957  pro¬ 
duction,  worth  $352.1  million.  Since 
1956,  production  value  has  more 
than  doubled.  Dollar  volume  that 
year  was  $226.1  million. 

Dollar  value  of  tv  set  output  com¬ 
prises  31.6  percent  of  last  year’s 
total  volume.  Production  of  1.2  mil¬ 
lion  sets  in  1958  was  reported  be¬ 
low  the  current  and  still-growing 
demand  for  television  receivers 
among  the  Japanese. 

Approximately  5.27  million  radio 
receivers,  worth  $94.16  million, 
were  produced  last  year.  Of  total 
.set  output,  some  61  percent  were 
portables  (3,214,700  units).  Among 
the  portable  radio  group,  91  per¬ 
cent,  or  2^925,377  units,  w’ere  tran¬ 
sistorized. 

In  the  components  area,  tran¬ 
sistors  have  made  most  prominent 
strides.  Unit  production  for  1955 
amounted  to  a  meager  85,000  tran¬ 
sistors.  In  1958,  26,730,000  tran¬ 
sistors,  mo.stly  germanium,  were 
made.  During  the  intervening 
years — 1956  and  1957 — transistor 
production  totaled  560,000  and  5,- 
740,000  units  respectively. 

Demand  for  electron  tubes  has 
also  been  growing.  Last  year’s 
production,  valued  at  $77.4  million, 
comprises  58  million  receiving 
tubes,  of  which  78  percent  were 
miniature  types.  Cathode  ray  tube 
output  stood  at  1.45  million  units, 
an  increase  of  63  percent  over  pro¬ 


duction  of  908,000  cathode  ray 
types  in  1957.  Microwave  tubes  and 
a  large  number  of  transmitting 
tubes  of  various  output  are  also 
being  made. 

Japanese  exports  in  1958 
amounted  to  $45  million,  9.1  percent 
of  total  electronics  production.  Fol¬ 
lowing  table  shows  breakdown  of 
export  categories: 


%  of 

$  Millions 

Total 

Radios . 

.  $33.89 

75.3 

Parts . 

4.64 

10.3 

Tubes  . 

2.34 

5.2 

Amplifiers  & 

Microphones 

1.39 

3.1 

Others  . 

2.74 

6.1 

$45.00  100.0% 

Largest  importer  of  Japanese 
electronic  products  was  the  United 
States,  receiving  46  percent  of  total, 
or  $20.7  million  in  1958. 

Recent  release  shows  first  quarter 
1959  exports  to  the  United  States 
totaled  $8  million.  Dollar  volume  in 
1958  for  similar  three-month  period 
amounted  to  $2.1  million. 


FIGURES  OF  THE  WEEK 


LATEST  WEEKLY  PRODUCTION  FIGURES 


(Source:  EIA) 


June  5, 
1959 

Television  sets  119,089 

Radio  sets  (ex.  auto)  276,604 
Auto  sets  131,156 


May  8,  Change  From 
1959  One  Year  Ago 
106,359  +71.9% 

244,083  +76.3% 

111,747  +168.3% 


STOCK  PRICE  AVERAGES 


(Standard  &  Poor's) 

Electronics  mfrs. 
Radio  &  tv  mfrs. 
Broadcasters 


June  10, 
1959 
90.66 
111.61 
96.52 


May  13,  Change  From 
1959  One  Year  Ago 
98.65  +70.7% 

111.68  +134.8% 

105.00  +55.5% 


JUNE  26,  1959  •  ELECTRONICS 


16 


FASTER  HEAT  RECOVERY  and  lower 
maintenance  of  G-E  soldering  irons 
have  been  proved  by  many  manufac¬ 
turers  under  their  own  production  con¬ 
ditions — along  with  competitive  solder¬ 
ing  irons.  If  you  would  like  to  compare 
General  Electric  irons  with  the  irons  you 
are  now  using,  call  your  G-E  distributor. 


DELIVERY  TODAY  is  now  possible  on  pop¬ 
ular  soldering  irons  and  other  General 
Electric  heaters  and  devices  from  a  local 
distributor  near  your  plant.  Your  replace¬ 
ment  inventory  may  be  reduced.  For  the 
name  of  your  nearest  stocking  distributor 
for  G-E  heaters  and  devices,  call  your 
General  Electric  Apparatus  &les  Office. 


SAVINGS  ACHIEVED  by  several  users 
and  information  about  the  construction 
features  of  General  Electric  soldering 
irons  are  included  in  a  new  bulletin, 
“Save  While  You  Solder,”  GED-3553. 
For  a  copy,  call  your  G-E  distributor 
or  write  Section  724-3,  General  Electric 
Company,  Schenectady  5,  New  York. 


"BEST  IRON  WE’VE  HAD  in  the  plant,"  says  William  Fish,  a  pro¬ 
duction  supervisor  of  General  Radio,  Cambridge,  Mass.  This 
company  has  switched  to  G-E  Midget  irons  for  soldering  both 


delicate  and  heavy  joints  in  their  Type  1862-B  Megohmmeters 
— ^jobs  which  formerly  required  both  a  heavy  and  a  light  iron. 
G-E  Midget  iron’s  light  weight  also  helps  reduce  fatigue. 


50  G-E  Midget  irons  do  work  of  100  former  irons 
at  Generai  Radio  Co.,  boost  production  25% 


GENERALO  ELECTRIC 
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WHEN  A  COMPANY  OUTGROWS  ITS  NAME 


As  the  domestic  research  organization  of  the 
world-wide  International  Telephone  and  Tele¬ 
graph  Corporation,  we  are  carrying  on  our 
tradition  of  pioneering  in  electronics.  As  our 
engineering  responsibilities  have  increased  so 
our  organization  has  grown.  Today,  in  addi¬ 
tion  to  our  main  laboratories  in  New  Jersey, 
laboratories  in  Ft.  Wayne,  Chicago  and  in 
California  are  pursuing  projects  of  great  mag¬ 
nitude  and  importance. 

You  will  find  in  our  staff  the  same  fine  creative 
thinking  and  engineering  imagination  which 
brought  distinction  to  our  old  names.  Formerly 
Federal  Telecommunication  Laboratories  and 
Farnsworth  Electronics  research  laboratories, 
our  names  have  been  changed  to  identify  us 
clearly  with  our  parent  company,  and  to  reflect 
our  expanded  responsibilities  and  growth. 


Electronic  engineers  will  find  here  opportunity 
to  express  initiative  and  competence  in  such 
areas  as  long  range  radar  systems,  digital 
computer  applications  to  data  ;processing  and 
communications,  space  technology,  microwave 
tube  research  and  missile  systems  instrumen¬ 
tation.  We  are  continuing  our  work  in  air 
navigation  and  control,  and  in  electronic  sys¬ 
tems  .  .  .  and  making  new  contributions  to 
electronic  theory  and  techniques.  In  fact,  it 
would  be  hard  to  find  another  research  organ¬ 
ization  that  offers  the  engineer  such  a  wide 
scope  of  activities. 

Engineers  interested  in  discussing  profes¬ 
sional  positions  with  our  staff  are  invited 
to  write  Mr.  T,  C.  Allen,  Manager,  Pro¬ 
fessional  Staff  Relations. 


ITT  LABORATORIES 

A  Division  of  International  Telephone  and  Telegraph  Corporation' 

500  Washington  Avenue,  Nutley,  New  Jersey 

Ft.  Wayne,  Indiana  *  Chicago,  Illinois  *  Palo  Alto,  California  •  San  Fernando,  California 
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Ceniialab 


Typical  of  the  extensive  range  of  units  available 
to  you  are  the  four  centralab  ceramic  section 
switches  shown  here.  These  switches,  and  many 
others,  are  also  available  with  phenolic  sections, 
for  economy  applications,  or  where  a  larger  num¬ 
ber  of  positions  is  required. 


DESIGN  AIDS  FOR  ENGINEERS 


Your  switch  problems  can  be  solved  quickly  and 
efficiently  at  centralab.  No  matter  how  unusual 
or  difficult  the  switch,  you  can  get  samples  fast, 
quotations  fast,  and  production  fast!  This  is  a 
result  of  years  of  specialized  experience  and 
superior  facilities  for  designing  and  manufacturing 
a  wide  variety  of  switch  types. 


centralab’s  unique  Switch  Visualizer,  which 
simulates  actual  switch  operation,  will  help  you 
simplify  and  speed  up  switch  design.  Used  in 
conjunction  with  our  detailed  layout  sheets  (avail¬ 
able  for  all  CENTRALAB  switch  types),  they  greatly 
facilitate  your  job  in  switch  design  (and  ours,  too). 
Write  for  them  today — along  with  a  copy  of 
CENTRALAB  Switch  Catalog  42-405. 


S«rks  100:  diameter 

Rating:  O.S  amp.  at  6  VDC, 
100  ma  at  no  VAC 
Breakdown:  750  V.  R.M.S. 
Up  to  12  positions/section 


Series  20;  1K«  diameter 
Rating:  2  amp.  at  IS  VOC, 
150  ma  at  110  VAC 
Breakdown:  1500  V.  R.M.S 
Up  to  12  positions/section 


Series  27S:  1  li  diameter 
Rating:  2  amp.  at  IS  VOC, 
150  ma  at  110  VAC 
Breakdown:  1500  V.  R.M.S 
Up  to  23  positions/section 


Series  230;  3H  diameter 
Rating:  25  amp.  at  6  VDC, 
7y5  amp.  at  110  VAC 
Breakdown:  3000  V.  R.M.S 
Up  to  24  positions/section 


Ceng^/ 


A  Division  of  Globe-Union  Inc. 

91 4F  E.  KEEFE  AVE  •  MILWAUKEE  1,  WIS. 

In  Conodo:  669  Boyview  Avenue,  Toronto  17,  Ontario 
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Snaaking  up  750  yds  away.  Army  lank  it  caught  by  B«ndix>GE  tv  camera  tyttam,  illutiraling 


Low-light-level  television  furnishes  eyes  for  nuclear  submarines  and 
space  vehicles.  Also  used  in  radio  astronomy  and  special  fire-control 


Low-light-level  tv  devices  that 
provide  nij?ht-time  vision  far  better 
than  the  human  eye  will  soon  go 
into  two  more  weapon  systems. 

These  latest  developments  are  ad¬ 
ditional  signs  of  an  increasingly- 
important  military  trend  now  tak¬ 
ing  place:  using  see-in-dark  sys¬ 
tems  to  probe  space  and  oceans. 

One  new  device  is  being  ordered 
by  Army  Ordnance,  the  other  by  the 
Navy’s  Bureau  of  Aeronautics. 

Army  Ordnance  has  contracted 
Aircraft  Armaments  to  develop  an 
electro-visual  fire  control  system  for 
tanks.  Du  Mont  Laboratories  will 
design  the  electro-visual  portion. 

The  .system  sights  targets  sev¬ 
eral  thousand  yards  away — twice 
the  range  of  the  naked  eye.  Data 
is  proces.sed  by  an  analog  computer. 


radar  are  twofold:  the  sy.stem  is 
pa.ssive  and  also  provides  an  actual 
picture  in.stead  of  a  blip  that  mu.st 
be  interpreted. 

Though  the  sy.stem  for  BuAer  is 
basically  for  observation,  it  may 
conceivably  be  converted  into  a  fire 
control  .system  at  a  later  date.  Ini¬ 
tial  contract  amount  is  $230,000. 
By  next  month,  Du  Mont  will  be 
working  on  seven  low-light-level 
military  programs  with  applications 
ranging  from  space  to  underwater. 


Scope,  an  image  converter  sensitive 
to  infrared.  More  recently,  the  firm 
produced  an  intensifier  orthicon 
used  for  astronomical  photography. 
Current  projects  are  classified. 

Tv  Fire  Control 

We.stinghoHse  has,  to  date,  con¬ 
centrated  more  on  development  of 
sensing  devices  than  complete  weap¬ 
ons  systems,  according  to  a  com¬ 
pany  spokesman.  The  Baltimore  di¬ 
vision,  however,  is  now  interested 
in  moving  into  full  weapons  sys¬ 
tems  responsibility. 

Besides  several  active  military 
contracts  held  by  the  tube  division, 
more  advanced  equipment  is  under 
development  at  the  Pittsburgh  Re¬ 
search  Laboratory. 

An  electron-scanned,  signal-gen¬ 
erating,  visible-image  pick-up  tube 
is  being  developed.  It  uses  the 
phenomenon  of  electron  bombard¬ 
ment  induced  conductivity,  giving 
the  tube  the  name  EBICON.  This 
tube  is  expected  to  be  more  sensi¬ 
tive  than  the  image  orthicon,  ac¬ 
cording  to  a  company  spokesman. 

Also  being  developed  is  a  light 
image  intensifier  using  a  series  of 
plane  parallel,  transmission  sec¬ 
ondary-emission  thin  film  systems. 
This  is  called  TSEM  (tran.smission 


Other  Systems 

A  number  of  companies  are  active 
in  low-light-level  tv  work. 

Bendix-Friez’  work  includes:  de¬ 
velopment,  for  Army  tanks,  of  a  tv 
system  that  was  eventually  used 
by  Navy  on  the  nuclear  submarine 
Skate  during  its  transpolar  cruise; 
and  other  cla.ssified  contracts  with 
Army,  Navy  and  Air  Force. 

Hallamore  Electronics  is  working 
on  a  tv  system  for  drones.  Admiral 
has  an  R&D  contract  with  Army 
Signal  Corps,  Fort  Monmouth, 
N.  J.,  for  a  transistorized  sy.stem 
for  aerial  and  ground  reconnais¬ 
sance.  The  .system  has  been  under¬ 
going  field  tests  since  late  last  year. 

RCA’s  World  War  II  work  in¬ 
cluded  development  of  the  Sniper 


Making  Prototype 

The  initial  aw'ard  for  the-  first 
phase  of  the  project  amounts  to 
$491,506.  Part  of  Project  Eve — 
Army’s  program  to  develop  night¬ 
time  vision  and  sighting  devices  for 
ordnance  equipment — a  prototype  is 
scheduled  for  evaluation  this  year. 

Du  Mont  is  also  working  on  a  low- 
light-level  tv  system  for  Navy’s 
Bureau  of  Aeronautics  for  anti¬ 
submarine  patrol.  Advantages  over 
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secondary  emission  multiplier). 
This  technique  is  different  from  the 
image  orthicon  in  that  it  does  not 
produce  a  tv  signal  but  produces  a 
bright  image  which  can  be  viewed 
directly. 

Trying  New  Approach 

Another  approach  being  studied 
at  the  University  of  Michigan,  MIT, 
Princeton  and  the  University  of 
Rochester,  uses  the  light  chamber 
technique  employed  in  high  energy 
physics.  The  principle  involves  di¬ 
recting  a  high  energy  particle  to  a 
scintillation  cry.stal  where  its  path 
through  the  crystal  will  produce  a 
weak  trace  of  light.  This  light  is 
amplified  by  means  of  a  light  image 
intensifier  and  photographed. 

Westinghouse  is  providing  such 
a  light  intensifier  tube  which  is  u.sed 
in  this  application. 

General  Electric  is  w’orking  on  a 
number  of  applications.  Those  not 
already  mentioned  include:  night 
vehicle  movements,  aircraft,  com¬ 
mercial  broadcasting  and  satellite 
tracking. 

GE’s  Z-5294  image  orthicon,  used 
in  Bendix’s  system  for  the  Skate, 
as  well  as  in  Aircraft  Armament’s 
and  Du  Mont’s  systems,  has  a  high- 
gain  target  and  an  S-10  photo  sur¬ 
face. 

Key  to  its  low-light-level  opera¬ 
tion  is  a  newly  developed  high-gain 
thin-film  target  of  special  design. 
Only  millionths  of  an  inch  thick, 
the  target  has  an  inherent  ability 
to  inhibit  sideways  leakage,  thus 
preventing  distortion  of  the  image. 
This  target  functions  on  the  basis 
of  electronic  conduction  rather  than 
the  sodium  ion  conduction  principle 
used  in  the  targets  of  other  image 
orthicons. 

New  Imo  Performance 

The  new  target  material  used  in 
the  Z-5294  has  much  higher  lateral 
resistivity  than  is  the  case  in  stand¬ 
ard  glass  targets.  This  enables  the 
target  to  store  a  charge  pattern 
longer  and  allows  the  use  of  slower 
scanning  frame  rates.  Integration 
periods  as  long  as  one  second  have 
been  demonstrated,  but  the  tube  is 
capable  of  even  longer  integration 
periods.  The  storage  application 
permits  attaining  additional  sensi¬ 
tivity  by  the  use  of  low  frame  rates 
(Continued  on  p  2.3) 


This  can’t  be  Fireban.  . . 


New  Taylor  Fireban  321  Laminated  Plastic 
is  self-extinguishing  in  only  3  seconds 


Electrical  faults  in  appliances,  TV  sets,  radios,  motors  and  other 
electrical  devices  frequently  lead  to  fires — and  these  fires  lead  to 
complete  destruction  of  the  equipment,  sometimes  extensive  dam¬ 
age  to  the  facilities  surrounding  it.  Taylor  Fireban  321  is  designed 
to  retard  fire.  Self-extinguishing  in  only  3  seconds — it  is  an  effective 
barrier  against  the  spread  of  flame.  In  addition,  this  flame-retardant 
laminated  plastic  has  excellent  moisture  resistance,  excellent  elec¬ 
trical  resistance  after  exposure  to  high  humidity,  and  good  mechan¬ 
ical  properties;  also  offers  low  dielectric  losses.  These  properties 
help  prevent  the  electrical  faults  that  lead  to  fires.  Write  TAYLOR 
FIBRE  CO.,  Norristown  40,  Pa.,  for  complete  details. 

iau/or 

lAMiNATFO  PlASnCS  M  VUICANIZPO  FtBRF 
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TYPE  9234  4SS0  2PDT.  2AMP,  MAGNETIC  LATCH  RELA' 


TYPE  9200  5091  2PDT.  2AMP,  RELAY 


(BRACKET  MOUNTING.  SOLDER  HOOK  TERMINALS,  HERMETICALLY  SEALED) 


TUD  MOUNTING,  SOLDER  HOOK  TERMINALS,  HERMETICALLY  SEALED) 


TYPE  9260-5072  2PDT,  2AMP,  RELAY 


(PLUG  IN  OR  PRINTED  CIRCUIT  MOUNTING,  HERMETICALLY  SEALED) 


LEACH  SUBHINIATURE 
CRYSTAL  CAN  RELAYS 


torture-tested 
to  perfection 
for  ^ 
relay  performance 


These  sensitive  Leach  subminiature  relays  deliver  big  relay  per¬ 
formance  ...  in  a  crystal  can  size  that  makes  them  ideal  for  use  in 
missile  control  circuits  in  airborne  or  ground  equipment  and  in  com¬ 
puter  and  printed  circuits. 

Torture-tested  to  perfection  in  the  Leach  Production  Reliability 
Center,  these  subminiatures  are  designed  to  meet  the  critical  ex¬ 
tremes  of  vibration,  shock  and  other  stringent  environmental  re¬ 
quirements  in  military  and  commercial  applications. 

They  meet  the  specifications  of  both  MIL-R-25018  and  MIL-R- 
5757C — as  well  as  M1L-R-6106C,  including  the  minimuni  current 
test  requirements. 

Uniform  contact  pressure  and  overtravel  are  guaranteed  for  the 
life  of  these  balanced-armature  relays.  They  are  available  in  a  wide 
range  of  socket,  stud  and  bracket  mountings  to  meet  specific  cus¬ 
tomer  requirements. 

Write  today  for  Leach  Crystal  Can  Relay  Brochure  containing 
specifications,  typical  ratings  and  other  information  on  these  sub¬ 
miniatures!  Or  contact  your  nearest  Leach  sales  representative  to 
discuss  your  specific  subminiature  relay  requirements. 


LOOK  TO  LEACH 

RELAY  DIVISION... LEACH  CORPORATION 


58-15  AVALON  BOULEVARD,  LOS  ANGELES  3 


DISTRICT  OFFICES  AND  FIELD  REPRESENTATIVES  IN  PRINCIPAL  CITIES  OF  U.S.  AND  CANADA  •  EXPORT;  LEACH  CORP.,  INTERNATIONAL  DIVISION 
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Stor*  (howroomt,  lik*  this  ena  at  Horvay  Radio  in  N*w  York  City,  stimulata  solas 


Magnetic  Recorder  Makers  Say 


Business  Is  Good,  But .  .  . 


CHICAGO — The  Magnetic  Record¬ 
ing  Industry  Association  expects 
sales  of  650,000  to  750,000  tape 
units,  representing  $140  million 
volume  at  the  retail  level,  in  the 
U.S.  during  1959.  (450,000  units 
were  sold  in  ’58.)  Simultaneously, 


Sees  in  Dark  .  .  . 

(Continued  from  p  21) 

or  by  beam  pulsing. 

The  target  has  a  higher  second¬ 
ary  emission  ratio  than  the  stand¬ 
ard  image  orthicon  target.  This 
fact,  combined  with  the  lower  lat¬ 
eral  leakage  of  the  new  target,  re¬ 
sults  in  an  overall  tube  gain  of 
about  17  times  greater  than  the 
GL-5820  at  200  lines  limiting  reso¬ 
lution. 

The  electronic  conduction  mech- 
ani.sm  used  in  the  new  target  elimi¬ 
nates  target  depletion  with  life. 

The  Z-5294  is  identical  to  stand¬ 
ard  broadcast  orthicons  with  re¬ 
spect  to  size,  configuration  and 
socket  connections  and  can  be  used 
in  existing  equipments  without 
modifications.  How'ever,  the  tube  is 
up  to  100  times  more  sensitive  when 
used  in  a  specially-adapted  tv 
camera. 

GE  has  Army  contracts  to  de¬ 
velop  other  sensitive  thin-film  tar¬ 
gets,  and  is  ruggedizing  the  tube 
for  space  vehicles  and  other  high  g 
applications. 


it  faces  four  major  challenges  in 
technology  and  finance. 

“The  .sales  volume  represents  a 
possible  increase  of  20  to  30  percent 
over  the  slump  we  had  when  tape 
cartridges  and  stereo  disks  hit  us 
simultaneously,”  says  Herbert  L. 
Brown,  newly  elected  MRIA  presi¬ 
dent. 

Brown,  vice  president  and  man¬ 
ager  of  Ampex  Audio  Inc.,  .says  the 
magnetic  recording  industry  faces 
four  big  problem.s — the  stereo  disk, 
the  tape  cartridge,  the  excise  tax 
(buried  but  not  completely  dead) 
and  Japanese  importations. 

Pointing  out  that  “tape  is  a  long 
way  from  dead,”  Brown  notes  “it 
had  a  recession.  The  stereo  disk  is 
the  best  thing  that  ever  happened 
to  magnetic  tape.  A  year  ago  tape’s 
potential  audience  was  perhaps  5 
million.  Today  95  million  Americans 
— or  54.4  percent  of  our  population 
— are  aware  of  stereo.  These  are 
the  people  who  have  phonographs 
in  their  homes. 

“MRIA  must  encourage  the  tran¬ 
sition  to  tape  by  continued  empha¬ 
sis  on  (1)  traditional  reasons  for 
superiority  of  tape  over  di.sk,  and 
(2)  recent  improvements  in  both 
quality  and  economy  of  tape.” 

Searches  for  Answer 

W.  W.  Wetzel,  vice  president  of 
Minnesota  Mining  &  Manufactur¬ 
ing  Co.’s  Magnetic  Products  div., 
told  Electronics: 

“The  recording  industry  has  been 


looking  forward  to  a  practical  tape 
cartridge  for  some  years.  We  are 
ju.st  one  of  the  firms  trying  to  come 
up  with  the  right  answer.  During 
the  past  five  years  we  have  built 
several  experimental  models.  Our 
ultimate  aim  is  to  offer  for  .sale  a 
cartridge  that  will  be  fully  auto¬ 
matic.  The  nature  of  re.search  and 
product  development  makes  it  im¬ 
possible  to  .say  how  much  longer 
that  will  take”. 

Points  to  Protection 

Irving  Rossman,  Pentron  presi¬ 
dent  and  retiring  MRIA  president, 
told  Electronics  that  “reel  to  reel 
magnetic  recordings  is  the  basis  of 
our  entire  industry.  There  is  com¬ 
patibility  in  reel  to  reel  tape  that 
protects  dealer  and  customer  within 
the  framework  of  its  operation.  It 
makes  change  and  improvement 
possible — and  it  does  this  with¬ 
out  obsoleting  pre.sent  libraries  or 
equipment. 

“In  years  to  come,  the  cartridge 
may  well  become  the  new  medium 
with  a  new  standard  in  magnetic 
recording  indu.stry,  but  that  will 
not  be  today,  tomorrow  or  the  next 
year.  In  the  meantime  our  indu.s¬ 
try  is  .solidly  behind  marketing  tape 
recorders  and  recorded  music  on 
reel  to  reel  at  the  accepted  speed  of 
7J  ips.” 

“Regarding  excise  taxes,”  Brown 
says,  “Congress  may  again  try  to 
place  an  excise  tax  on  magnetic  tape 
(Continued  on  p  26) 
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flesinite 


EP-145 


VINYL 


For  Missiles,  Aircraft,  Ground  Control 


Resists  abrasion  31  times  better  than  neoprene! 


Wherever  cable  is  subjected  to  rough  treatment  and  extreme 
climatic  conditions,  new  Resinite  EP-145  Vinyl  Jacket  will  really 
take  it!  Exceeds  all  important  specs  of  MIL-R-6855,  Class  II,  Grade 
60,  synthetic  rubber  and  MIL-I-3930A.  Readily  applied  by  standard 
pneumatic  or  chemical  dilitant  methods.  Va”  to  1^2"  I.D.  Black. 
Other  sizes  and  colors  on  special  order.  Ask  your  Resinite  distrib¬ 
utor  or  write  for  samples  and  performance  data. 

Also  available  as  a  polyvinyl  chloride  COMPOUND,  Borden  5410, 
for  extruded  jackets.  Excellent  extrusion  characteristics. 


R 


esinite 


V 


Resinite  Department— The  CHEMICAL  COMPANY 

Plants:  North  Andover,  Mass.  •  Santa  Barbara,  Calif, 


7  WAYS  BETTER 

O  Excellent  abrasion  resistance.  31 

•  times  better  than  neoprene  by  actual 
test.  (Taber  calibrade  H-22  wheels.) 

O  Lighter.  Easier  handling.  Higher 
strength  allows  thinner  walls. 

O  No  deterioration  from  gasoline  or 
oil.  Exposure  actually  increases 
tensile  strength. 

O  Superior  cold  bend  and  impact 
properties  -  lower  than  -lOOT. 

O  Smooth,  glossy  surface  does  not 
rub  off  or  smudge. 

O  Fungus  resistant. 

O  Flame  proof.  Outstanding  self* 
extinguishing  characteristics. 


SPECIALISTS  IN  VINYL  SLEEVING  AND  TUBING  FOR  THE  AIRCRAFT,  ELECTRONICS.  ELECTRICAL  AND  PHARMACEUTICAL  FIELDS 
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HOW  TO  BUILD  A 
BATTERY  BOX 
WITH  RESISTORS... 

It’s  easy  with  a 

Regatron  Programmable  Power  Supply 


Shunt  the  programming  terminals  of  a  Regatron  Programmable 
Power  Supply  with  a  resistor,  and  you’ve  set  the  output  voltage  to 
1/1000  of  the  resistor’s  value.  Yet  the  resistor  carries  no  load  current, 
does  not  affect  regulation  or  maximum  output  current  capabilities. 
Several  resistors  and  a  multiple-position  switch  make  a  compact  “bat. 
tery  box’’  for  the  voltages  you  use  most  often  . . .  it’s  as  simple  as  that. 

In  addition,  you’ll  find  that  Regatron  Programmable  Power  Sup. 
plies  have  all  the  other  advanced  features  you  would  expect  in  a  versa, 
tile  laboratory  instrument;  super-regulation,  vernier  as  well  as  main 
voltage  control,  and  more.  Compare  a  Regatron  Programmable  Power 
Supply  with  any  other  d-c  power  source,  batteries  included.  You’ll  find 
you  won’t  settle  for  less. 

Regatron  Programmable  Power  Supplies  are  available  in  voltage 
ranges  covering  0-50  V  dc,  0-100  V  dc,  0-300  V  dc,  and  0-600  V  dc. 
Current  ratings  are  up  to  3A,  depending  on  model.  Request  Bulletins 
350  and  765. 

(Various  models  without  the  programming  feature  are  also  availa* 
ble  in  voltage  ranges  up  to  1000  V  and  currents  up  to  1  ampere.) 


I.  Modulo* ton  input  provided  for  inooswrtment  of  tronsittor  poromoieri  by  smoll  s*pnoi  wtKod. 

•  REGISTERID  U.S.  RATENT  OFFICE.  PATENTS  ISSUED  AND  PENDING. 
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Space  Challenges 


TWO  OUTSTANDING 
HIGH-TEMPERATURE 


Missile  Industry  Conference  discusses  electronics' 
important  role  In  tomorrow's  space  age 


WASHINGTON — The  key  role  of  recently  in  the  National  Rocket 
electronics  in  the  space  age  and  the  Club’s  Second  Missile  Industry  Con- 
challenges  to  the  electronics  engi-  ference  here. 

neer  were  constantly  emphasized  It’s  possible  that  within  five  or 

ten  years  a  vast  collection  of  large 
and  small,  manned  and  unmanned, 
scientific,  commercial  and  military 
satellites  and  satellite  groups  form¬ 
ing  a  large,  diversified  space  sys¬ 
tem,  will  have  to  be  maintained  and 
kept  in  operational  condition. 

This  picture  of  the  future  was 
presented  to  military  and  industry 
specialists  by  rocket  expert  Walter 
R.  Dornberger,  Bell  Aircraft’s  en¬ 
gineering  director  and  one-time 
chief  of  Germany’s  wartime  rocket 
program. 


Business  is  Good  . .  . 

(Continued  from  p  2.3) 

recorders.  We  defeated  it  last  time. 
Had  it  passed  and  become  law,  we 
estimated  it  would  have  cost  the 
indu.stry  $5  million  in  the  pa.st  year. 
That  is  very  close  to  the  total  net 
profit  for  the  industry  for  that 
period.” 


FOR  CONTINUOUS  OPERATION  AT  jl 
HOTTEST  SPOT  TEMPERATUREy'v 


"We've  Been  Had" 

On  importation  of  magnetic  tape 
recording  equipment  from  Japan, 
Brown  said:  “Here  normal  com¬ 
petitive  rules  don’t  seem  to  apply. 
Perhaps  it  isn’t  so  much  that  their 
wage  scale  is  one-seventh  of  ours. 
The  thing  that  really  gets  us  is 
their  complete  indifference  about 
copying  the  other  man’s  work.  To 
undercut  us  on  price  is  bad,  but 
when  it  is  done  by  a  machine  that 
looks  identical  to  a  made-in- 
America  model — right  down  to  the 
logotype — then  I  say  that  we  have 
been  had. 

“Other  industries  have  not  found 
an  easy  an.swer  to  competing  with 
the  low-cost  production  of  Japanese 
companies.  It  appears  MRIA  should 
work  with  other  associations  on  this 
common  problem.  In  addition,  in¬ 
dividual  MRIA  member  companies 
can  obtain  considerable  protection 
by  filing  and  securing  a  design 
patent.  This  cost  is  nominal — under 
$200 — and  will  protect  styling  fea^ 
tures  of  their  equipment”. 

Chairman  of  MRIA’s  standards 
committee,  C.  J.  LeBel,  vice  presi¬ 
dent  of  Audio  Devices  Inc.,  in¬ 
formed  the  group  that  work  was 
continuing  on  standardizing  dimen¬ 
sions  foi*  recorded  magnetic  tracks, 
reproducing  characteristics  for  7i 
and  33  ips  units  and  other  areas  of 
tape  recording  where  lack  of  .stand¬ 
ards  add  needlessly  to  engineering 
design  and  development  work. 


Satellite  Missiles? 

He  warned  of  the  threat  of 
Russia’s  nuclear  missiles  fired  from 
satellites. 

“We  are  neglecting  space  w’eap- 
ons  development  and  putting  too 
much  emphasis  on  the  peaceful  con- 
que.st  of  space,”  he  .said.  “Russia 
may  get  hundreds  of  bombs  or 
space-to-ground  missiles  together 
with  thousands  of  decoys  into  per¬ 
manent  and  calculated  orbits  cir- 


For  continuous  operation  at  hot¬ 
test  spot  temperatures  up  to 
200*C  (392*F)  and  up  to 
250*C(482*F)  for  short  periods 
of  time— depend  upon  TETROC 
—an  all  Teflon-insulated  wire 
available  in  both  single  and 
heavy  coatings. 

CEROC  is  Sprague's  recom¬ 
mendation  for  continuous  oper¬ 
ation  at  hottest  spot  tempera¬ 
tures  up  to  250*C  (482*F)  and 
up  to  300*0  (572*F)  for  short 
periods  of  time.  Ceroc  has  a 
flexible  ceramic  base  insulation 
with  either  single  silicone  or 
single  or  heavy  Teflon  overlays. 
The  ceramic  base  stops  “cut- 
throug'n"  sometimes  found  in 
windings  of  all-fluorocarbon 
wire.  Both  Tetroc  and  Ceroc 
magnet  wires  provide  extreme¬ 
ly  high  space  factors. 

Write  for  Engineering  Bulle¬ 
tins  405  (Tetroc  IVi  res)  and 
400A  (Ceroc  Wires). 

SPRAGUE  ELECTRIC  COMPANY 

33  Marihall  Street,  North  Adomt,  AAa». 


Electronic  Cooking 


French  electronic  oven  that  cooks  7  lb  of 
meat  in  six  minutes  is  now  on  the  market 
in  France  for  just  over  $1,000.  Cooking 
frequency  is  2,400  me.  Unit  draws  3.5 
kw,  operates  on  110,  220  or  380  v  a-c. 
Electronic  circuitry  is  similar  to  that  of 
American  electronic  ovens  but  employs  a 
different  regulation  system  and  includes 
refinements  that  lower  power  consumption 
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I 


THE  MARK  OF  RELIABILITY 


Subminiature 
Metal-Clad 
Paper  Capacitors 
in  Hermetically 
Sealed  Metal  Cases 


Engineers 


cling  the  globe  from  all  directions 
and  at  different  altitudes,  each  one 
passing  over  the  U.  S.  at  least  every 
24  hours. 

“When  the  bombs  reach  the  right 
altitude,  the  technical  possibility 
exists  to  ignite  the  retro-rockets 
and  send  missiles  to  specific  targets 
in  the  U.  S.” 


Points  Out  Needs 

In  satellite  communications, 
Elmer  Engstrom,  senior  executive 
vice  president,  RCA,  pointed  out 
that  we  face  many  of  the  problems 
of  power  supply,  propulsion,  guid¬ 
ance  and  data  handling  that  relates 
to  all  space  systems. 

Engstrom  said  there  is  a  growing 
need  for  increased  communication 
facilities  of  a  “broad-band”  nature 
for  spanning  long  distances.  Three 
approaches  to  intercontinental  com¬ 
munications  are  being  considered 
today,  using  both  passive  satellites 
and  active  repeaters. 

The  simplest  approach  is  the 
“passive  satellite  chain”  comprising 
two  dozen  or  more  large  aluminized 
balloons  placed  in  a  polar  orbit  at 
an  altitude  of  some  3,000  miles.  It 
would  give  a  reflecting  surface  be¬ 
tween  ground-ba.sed  terminals  for 
many  services  simultaneously. 

With  two  dozen  such  satellites  ap¬ 
propriately  positioned,  transoceanic 
relay  service  on  a  multitude  of  fre¬ 
quencies  would  be  possible  some  99 
percent  of  the  time,  he  said. 

At  present,  equipment  needed  to 
place  a  tv  or  radio  satellite  in  orbit 
is  not  too  expensive,  according  to 
David  B.  Smith,  vice  president  of 
Philco  Corp.  The  real  expense  is 
rocketry  and  its  inherent  guidance 
and  ground  support  gear,  he  said. 

Names  Three  Fields 

The  electronics  industry  can  be 
expected  to  make  contributions  to 
space-age  production  in  three  fields, 
said  Wm.  F.  Long,  Electronic  In- 
du.stries  Association  marketing 
data  department  manager : 

1.  Design  and  fabrication  of  the 
payload.  2.  Data  acquisition,  reduc¬ 
tion  and  transmission.  3.  Guidance 
and  control.  But  he  added,  “it  is 
in  the  area  of  guidance  and  control 
that  the  greatest  impact  will  be  felt 
by  the  electronics  industry.” 


NEW  WET-ANODE 

TANTALEX* 

CAPACITORS 


Since  their  introduction  by  Sprague 
in  1948,  Subminiature  Paper  Ca-  ; 
pacitorsofthegeneral design  shown 
here  have  become  the  most  widely 
used  of  all  paper  capacitors  in  mil- 
itaryand  industrial  electronic  equip- 
ment.  Constant  improvement 
through  new  techniques  and  proc¬ 
esses  have  kept  them  on  the  fore¬ 
front  of  commercial  capacitor 
development. 

Electrically  and  mechanically, 
these  Subminiature  Paper  Capac¬ 
itors  are  designed  to  more  than 
meet  the  high  performance  require¬ 
ments  of  MIL-C-25A.  The  Sprague 
impregnants  used  are  either  wax 
(temperature-capacitance  stabi¬ 
lized)  or  Vitamin  Q*^'.  The  wax- 
impregnated  capacitors  are  suitable 
for  operation  over  a  temperature 
range  of  — 4()'’C  to  -1-85°C.  The 
Vitamin  Q  units  are  available  in 
two  ranges:  —  55°C  to  -1-85°C  and 
—  55°C  to  -|-125°C.  Positive  her¬ 
metic  closure  of  the  metal  cases  for 
both  is  assured  by  glass-to-metal 
solder-seal  terminals. 

For  complete  technical  data  on 
Sprague’s  full  line  of  Subminiature 
Paper  Capacitors,  write  for  Engi¬ 
neering  Bulletin  21 10  to  Technical 
Literature  Section,  Sprague  Electric 
Company,  3  5  Marshall  Street, 
North  Adams,  Massachusetts. 
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for  126  C  operation 


Another  Sprague  “first”  for  mili¬ 
tary  and  industrial  designers— 
Type  130D  Wet-Electrolyte  Tu¬ 
bular  Sintered- Anode  Tantalex 
Capacitors  for  125  C  operation 
without  voltage  derating. 

The  remarkable  electrical  sta¬ 
bility  of  these  capacitors  is  the 
result  of  special  aging,  the  use  of 
inert  materials,  and  a  low  diffusion 
seal.  Construction  is  designed  to 
meet  the  2000-cycle  military  mis¬ 
sile  vibration  requirement.  Shelf 
life  is  excellent. 

Shoulder-less  shape  makes 
mounting  on  printed  wiring 
boards  easier,  avoids  punching 
slots  in  boards  or  the  use  of 
“chairs”,  and  simplifies  board 
wiring  layout. 

For  complete  technical  data, 
write  for  Bulletin  3701  to  Tech¬ 
nical  Literature  Section,  Sprague 
Electric  Co.,  3  5  Marshall  St., 
North  Adams,  Massachusetts. 
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High  ttr«ngth-le-w*ighl  ratio.  This  printed-wiring  board  for  a  phase-failure 
relay  was  designed  with  CDF  Di-Clad  28E  (epoxy  resin  laminated  with 
medium-weave  glass  cloth)  for  high  mechanical  strength,  very  low  moisture- 
absorption,  and  good  insulation  resistance.  Details  upon  request. 


How  CDF  Di-Clad' 
can  solve  your 
printed-circuit 
problems 

The  CDF  line  of  copper-clad  laminates  in  all  grades 
is  now  known  by  a  new  name — Di-Clad.  Di-Clad 
grades  meet  the  varying  needs  of  design,  production, 
and  operation  of  electronic  equipment.  Grades  other 
than  those  described  are  also  available. 

Di-Clad  2350.  An  economy  paper-base  phenolic  grade 
having  good  tensile,  flexural,  compressive,  and 
impact  strength.  Adequate  for  most  non-critical 
printed  circuit  applications.  Can  be  cold  punched  and 
sheared  up  to  5/64  of  an  inch  in  thickne^. 

Di-Clad  1121.  A  Teflon*  glass-fabric  laminate  offer¬ 
ing  the  best  dielectric  properties  over  a  wide  tem¬ 
perature  and  frequency  range. 

Send  us  your  requirements  and  let  our  engineers 
help  you  select  the  right  grade  for  your  application. 

^Du  Pont  trademark  for  its  tetrafluoroethylene  reatn. 

CONTINENTAL-DIAMOND  FIBRE 

A  SUISIOIARV  OF  THE  -HmJJ  COMPANY  •  NEWARK  16,  DEI. 
In  Canada;  4-6  Hollinger  Road,  Toronto  16,  Ont. 


TYPICAL  Di-Clad  PROPERTY  VALUES 


Di-Clad  2350 

Di-Clod  26 
(NEMA  XXXP) 

Di-Clod  28 
(NEMA  XXXP) 

Dl-Clod  2tE 
(NEMA  G-10) 

Di-Clad  II2T 
Teflon* 

BOND  STRENGTH— 0.0014"  foil  (lbs.  reqd. 
to  separate  I"  width  of  foil  from  laminate) 

6  to  10 

6  to  10 

8  to  12 

4  to  8 

MAXIMUM  CONTINUOUS  OPERATING 
TEMPERATURE  (Deg.  C.) 

mmm 

120 

150 

200 

DIELECTRIC  STRENGTH  (Maximum  voltage 
per  mil  for  1/16"  thickness) 

850 

650 

700 

INSULATION  RESISTANCE  (Megohms)  96 
hrs.  at  35°C.  &  909E  RH  (ASTM  D2i7,  Fig.  3) 

500 

150,000  1 

600,000 

100,000 

75,000 

DIELECTRIC  CONSTANT  10'  Cycles 

4.0  1 

4.9 

2.6 

DISSIPATION  FACTOR  10-^  Cycles 

0.026 

0.019 

0.00 1 5 

ARC-RESISTANCE  (Seconds) 

10 

BBBB 

130 

180 

TENSILE  STRENGTH  (psi.) 

18.000 

16,000 

12.000 

48,000 

23.000 

FLEXURAL  STRENGTH  (psi.) 

27,000 

21,000 

18,000 

70,000 

1 3,000 

IZOD  IMPACT  STRENGTH  edgewise 
(ft.  lbs.  per  inch  of  notch) 

0.80 

0.45 

0.42 

12.0 

6.0 

COMPRESSIVE  STRENGTH  flatwise  (psi.) 

32,000 

28,000 

25,000 

62,000 

20,000 

BASE  MATERIAL  OF  LAMINATE 

Paper 

Paper 

Medium-weave, 
medium-weight 
glass  cloth 

-  Fine-weave, 
medium- weight 
glass  cloth 

COLOR  OF  UNCLaD  LAMINATE 

Natural 

Natural 

greenish 

Natural 

Natural 

All  these  standard  grades  are  available  with  0.0014"  and  0.0028"  or  thicker  electrolytic  or  rolled  copper  foil  on  one  or  both 
surfaces.  Other  metal  foils  and  other  resin-and-base  combinations  can  be  supplied  on  special  order. 


*Du  Pont  Trademark 
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X  >  RANGE 


LAW  Of  COSINES 

\cosiKOsbcosaV 


X-RANGE 


LONG  a 


e*  BEARING 


These  siae  11  resolvers  incorporate  an  integral 
transformer  which  simulates  a  resolver  function 
at  maximum  coupling.  They  are  used  in  the  typical 
chain  application  indicated  below  tor  angular  data 
transmission.  In  this  particular  application,  the 
output  information  can  be  servoed  at  either  end 
of  the  chain. 

Quick  disconnect  allows  ease  in  harnessing. 

Accuracy:  ±5'  of  arc  or  less;  winding  perp. 
±5'.  Electrical  characteristics:  Input  to  EITHER 
rotor  or  stator.  Input  voltage  llSvlGOO'-;  output 
voltage  llOv  both  stator  and  rotor  as  primary; 

phase  shift  (stator - g _ 

primary)  1.1*, •  phase  | 
shift  (rotor  primaiy)  "i* — ® 

1.9*;  Zso  (nom.) 

990  +  jl3500;  Zro 
(nom.)  1150  + 
j  13500.  71 1C 


€PPi 


Resolver 


Resdvef' 


Resolvef' 


PRECISION  COMPUTING  RESOLVERS 

for 

Cascaded  Resolver  Syst^ems 


SIZE  8  FEEDBACK  WINDING  RESOLVERS 


These  resolvers  are  designed  for 
use  with  transistorized  amplifiers 
and  permit  the  solution  of  spheri¬ 
cal  triangles  in  a  size  8  cascaded 
resolver  chain. 

Functions  of  the  spherical  tri¬ 
angle  which  can  be  produced  are 
indicated  in  the  schematic  below. 
More  complex  trigonometric  func¬ 
tions,  as  well  as  systems  involving 
coordinate  axis  transformation,  can 
be  generated  with  the  use  of  these 
resolvers. 

Accuracy:  Functional  error  .1% 
or  less;  winding  perp.  ±5'.  Electri¬ 


cal  characteristics:  Input  voltage  13.7v  (compensator);  Zro  234  -f 
15v400~  (stator);  ou.tput  voltage  j596;  Zso  244  +  i548;  Zcompensa- 
13.7v  (rotor);  phase  shift  (stator  tor  237  j553;  max.  null  voltage 
as  primary)  20.5*;  output  voltage  1  mv/v. 


-LONGb-AXX 


►cosxsin  X- 
sin  X  cos  X 

■  o 


>sin  e  sin  X  cos  e-sin  b 
sinAxcose«o 


SIZE  11  RESOLVER  TRIMMED  FOR 
ZERO  PHASE  SHIFT  CONTAINS  ALL 
COMPENSATION  IN  Z'/e"  LENGTH 


itSOlVER  ^ 

ptviit.it4i  . 


The  VZC-ll-E-1  precision 
computing  resolver  has  been 
developed  (or  use  in  a  cas¬ 
caded,  amplifierless  resolver 
system  at  900-. 

These  units  have  been 
trimmed  to  provide  zero  phase 
shift  and  compensated  for 
transformation  ratio  stability, 
under  temperature,  when 
working  into  their  iterative 
impedance. 

Accuracy:  Functional  error 
.1%  or  less;  winding  perp. 
±5'.  Electrical  characteris¬ 
tics:  Input  voltage  (stator) 
40v900  >;  output  voltage 
(rotor)  33.2v;  phase  shift  0; 
max.  null  voltage  1  mv/v. 

Also  ready  for  delivery  is 
an  equivalent,  compatible 
pancake  resolver.  By  its  use, 
differential  information  from 
an  inertial  platform  may  be 
obtained  and  introduced  into 
the  system. 


ENGINEERS — Join  tho  loader  In  tho  rotating  componanta  field.  Write  David  O.  Brown,  Director  of  Pereonnel.  Dept.  J7 

eppe  CLIFT^^I^ECIS^ONPg^^TSJ^(?..jNC. 

Sales  Office:  9014  W.  Chester 'Pike,  Upper  Darby,  Pa.— Hilltop  B-tlOO,  TWX  PlandeFs.  Pa.  1132— or  our  Representatives 


ELECTRONICS  •  JUNE  26,  1959 


CIRCLE  NO.  29  READER  SERVICE  CARO  29 


of  Overall  Telemetering 

Systems  Performance 


NEW  TYPE  202-G 
FM-AM  SIGNAL 
GENERATOR 


features  Internal 
RDB  Modulating 
Frequencies 


blankets 

the  215-260MC 

Telemetering  Band 


cabinet  or  Rack 
Mounting 


Type  202-E  Signal  Generator 
for  FM  t  TV  Receiver  Designers— 

A  pracision  laboratory  inatrumant 
covaring  tha  antira  FM  and  TV 
Broadcast  Bands.  Rf  ranga  54  to 
216MC.  Prica:  $1125.00.  F.O.B. 
Boonton,  N.  J. 


Eighteen  years  of  specialized  experience  in  the  design  of 
FM  Signal  Generators  has  been  applied  to  the  new  Type 
202-G  Signal  Generator— a  versatile  and  uniquely  suitable 
instrument  for  the  critical  analysis  of  overall  telemetering 
systems  performance.  Outstanding  features  of  the  202-G 
include  precision  electrical  and  mechanical  design,  maximum 
reliability  and  special  convenience  features  that  simplify 
telemetering  systems  tests  and  calibration.  Eight  standard 
RDB  audio  modulating  frequencies  are  available  for  internal 
FM  or  AM  modulation ;  provision  for  simultaneous  FM  and 
AM  modulation  is  incorporated.  A  precision,  backlash-free 
gear  train  provides  2200  vernier  logging  divisions  over  the 
range  from  195  to  270  Me.  -$1100.00  F.O.B.  Boonton,  N.  J. 


Type  207-E  Univerter 
For  use  with  the  202-E  — 

Provides  extended  coverage  from 
O.IMC  to  55MC.  Price:  $430.00. 
F.O.B.  Boonton,  N.  J, 


Precision  Electronic  Instruments  since  193i 


(2^  BOONTON  RADIO 
CORPORATION 

BOONTON,  NEW  JERSEY,  U.S.A. 
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Amateur  radio  station  K4NNA/3  gets  a  between-sessions  workout  during  Armed  Forces 
Communications  and  Electronics  Association's  annual  meeting 

Communications'  Top  Needs 

Gen.  LeMay,  speaking  at  AFC&E  Association's 
convention,  lists  required  improvements 


WASHINGTON — Our  communica¬ 
tions  are  continually  lagging:  be¬ 
hind  the  needs  of  our  rapidly  ex¬ 
panding  operational  requirements 
for  national  defense. 

This  was  the  warning  of  General 
Curtis  E.  Le  May,  vice  chief  of 
staff,  USAF,  speaking  at  the  key¬ 
note  luncheon  of  the  Armed  Forces 
Communications  and  Electronics 
Assocation’s  1959  convention  here. 

He  cited  a  few  examples  of  im¬ 
provements  which  are  required: 

Improved  reliability  and  security 
in  our  cryptographic  devices  for 
voice,  data,  and  pictures;  range  ex¬ 
tension  of  our  tropospheric  scatter 
systems,  and  more  extensive  chan¬ 
nelization  of  these  systems;  in¬ 
creased  speed  for  record  type 
communications;  and  a  reliable 
worldwide  voice  capability. 

Breakthroughs  Near 

The  communications  satellite, 
Gen.  Le  May  believes,  holds  great 
promise.  Breakthroughs  are  close 
in  other  areas,  he  said,  and  now  is 
the  time  to  convert  them  into  useful 
communications  equipment. 

Among  the  many  exhibits  was 
Raytheon’s  first  public  demonstra¬ 
tion  of  a  new  electronic  “sky-writ¬ 
ing”  radar  system  that  can  keep 
tabs  on  the  fastest  jet  and  conven¬ 
tional  aircraft  flights.  A  combina¬ 
tion  of  advanced  radar  and  tv 
techniques,  it  gives  to  air  traffic 


controllers  a  bright  “scope”  picture 
showing  the  plane’s  direction,  speed, 
and  position  simultaneously. 

Another  exhibit  occupied  the 
front  lawn  of  the  hotel — the  first 
public  demonstration  of  the  Army’s 
much-heralded  global  radio  commu¬ 
nications  system — the  AN/TSC-16 
— providing  more  voice  and  tele¬ 
typewriter  circuits  than  ever  before 
in  a  ground-air  transportable  sys¬ 
tem  for  limited  wars. 

The  high-speed  radio  communica¬ 
tions  system  can  be  transported  by 
air  or  moved  overland.  Within  op¬ 
erational  range  of  1,000  to  2,000  mi, 
the  equipment  links  the  field  com¬ 
mander  directly  with  the  Army’s 
global  communications  system. 

Consisting  of  a  single-sideband 
10  kw  transmitter  and  receiving 
equipment,  the  “central”  is  con¬ 
tained  in  two  vans,  which,  with 
tractors  and  power  trailers,  weigh 
about  70,000  lb.  The  system  can 
load  into  three  C-124  aircraft,  and 
be  airborne  within  12  hours. 

Another  exhibit  was  Chicago’s 
Aerial  Industries’  electro-optical 
system,  designed  to  bring  into  a 
single,  centralized  display  any  com¬ 
bination  of  electrical  or  mechanical 
instrumentation  information. 

The  VIP — for  Visual  Integrated 
Presentation — is  designed,  accord¬ 
ing  to  company  officials,  for  air¬ 
craft,  high  performance  subs,  sur¬ 
face  ships  and  space  vehicles. 


Now- 

NO  plate  too  small 
NO  panel  too  big 


NO 

size  limits 
on  engraving 


ENGRAVES  RECTANGLE 

IN  ONE  SET-UP 

*  Tak««  up  only  3  fool  of  bonch  $poc« 

*  Engraving  chotsis  con  bo  dolochod 
from  boM  and  plocod  dirodly  on 
workpio<o  of  any  dimoniion 

•  Solf-(ontoring  workholdor  cuts  down 
tol-up  timo 

•  Hoavy  duty  cuttor  tpindio 


»650«<> 


Request  our  28-page  illustrated  catalog 
ZR-)  on  your  business  letterhead. 


/•#*##*  It0*n990».%  fNCRAVINO  MACHINE  COtP 
154  W«bf  t4th  Now  York  11.  N  V 
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;  TBItMiNALS  and  CONNECTORS  FOR 
^HIGH  PRODUCTION  APPLICATIONS 

•  Sove  Wiring 
y  Time 

.1  •  Speed 
'  ,  f^odu€tion 

e  Cut  Assembly 
;  T'  Costs  ' 


MINIATURE  TUBULAR 

TERMINALS-Save  time  and 
labor  in  printed  circuit 
assembly.  Snap  in 
instantly  and  hold  firmly 
until  permanently  soldered. 

RECEPTACLES  AND 

CONNECTORS-Fit  quickly 
and  firmly.  For  use  with 
Malco  7\ibuiar  Terminals 
and  for  similar  quick 
connect  and  disronnect 
applications. 

WRAP-A-WIRE 

TERMINALS-Quickly 

inserted.  Exclusive  staked 
clinch-type  feature  locks 
terminal  firmly  until 
permanently  soldered. 

SOLDER  LUGS  AND 

INTERLOCK  CONNECTORS- 

Especially  designed  for 
production  line  assembly 
operations.  Interlocks 
are  ideal  for  interlocking 
printed  circuits  or 
flybacks,  as  speaker  lead 
connectors  or  as 
transformer  mounting  lugs. 

SPECIAL  TERMINALS 

AND  CONTACTS -Malco 
Manufacturing  Company 
has  complete  facilities 
to  furnish  practically  any 
design  or  construction  to  fit 
individual  requirements. 

MALCOMATIC*  MACHINES 

—Designed  for  high 
volume  production,  these 
machines  automatically 
insert,  crimp  or  stake. 

They  pay  for  themselves 
in  time  and  labor  costs, 
greatly  speed  assembly. 

*  Request  Bulletin  581.  Send 
b/p  or  specs  and  annual 
requirements  for  quote. 

*Reei*tered  Trade  Name 


ITU.*  MANUFACTURING  COMPANY 

4023  WEST  LAKE  STREET  •  CHICAGO  24,  UUNOIS 


MEETINGS  AHEAD 

June  24-27:  Medical  Electronics,  In¬ 
ternational  Conf.,  UNESCO, 
CIOMS,  PGME  of  IRE,  Rockefeller 
Inst.,  UNESCO  Hou.se,  Paris. 

June  29-July  1:  Military  Electronics, 
National  Convention,  PGMIL  of 
IRE,  Sheraton-Park  Hotel,  Wa.sh., 
D.  C. 

July  1-.5:  Television  Convention,  In¬ 
ternational,  British  Institution  of 
Radio  Enjfineers,  Univ.  of  Cam- 
brid^e,  England. 

July  30-31:  Computei's  &  Data  Proc¬ 
essing,  Denver  Research  In.st.,  Stan¬ 
ley  Hotel,  Estes  Park,  Colo. 

Aug.  17 — Ultrasonics,  National  Sym¬ 
posium,  PGUE  of  IRE,  Stanford 
Univ.,  Palo  Alto,  Calif. 

Aug.  18-21 :  Western  Electronics  Show 
and  Convention,  WESCON,  Cow- 
Palace,  San  Franci.sco. 

Aug.  23-Sept.  5:  British  National 
Radio  &  Tv  Exhibition,  British 
Radio  Indu.stry  Council,  Earls  Court, 
London. 

Aug.  3I-Sept.  1:  Elemental  and  Com¬ 
pound  Semiconductors,  Tech,  Conf., 
A I  ME,  Statler  Hotel,  Bo.ston. 

Sept.  1-3:  Association  for  Computing 
Machinery,  National  Conf.,  MIT, 
Cambridge,  Mass. 

Sept.  14-16:  Quantum  Electronics, 
Resonance  Phenomenon,  Office  of 
Naval  Re.search,  Shawanga  Lodge, 
Bloomingburg,  N.  Y, 

Sept.  15-17:  Electronic  Exposition, 
Twin  Cities  Electronic  Wholesalers 
Assoc.,  Municipal  Auditorium, 
Minneapolis. 

Sept.  17-18:  Nuclear  Radiation,  Ef¬ 
fects  on  Semiconductor,  Working 
Group  on  Semiconductor  Devices, 
USASRDL,  Western  Union  Audi¬ 
torium,  N.  Y.  C. 

Sept.  21-25:  Instrument-Automation 
Conf.  &  Exhibit,  ISA,  International 
Amphitheater,  Chicago. 

Sept.  23-25:  Non-Linear  Magnetics 
and  Magnetic  Amplifiers,  AIEE, 
ISA,  PGIE  of  IRE,  Shoreham  Hotel, 
Wash.,  D.  C. 

Sept.  23-25:  Residual  Gases  in  Elec¬ 
tron  Tubes  and  Related  High- Vac¬ 
uum  Systems,  International  Sym¬ 
posium,  Italian  Society  of  Physics, 
Como,  Italy. 

Oct.  12-15:  National  Electronics  Con¬ 
ference,  IRE,  AIEE,  EIA,  SEMPTE, 
Sherman  Hotel,  Chicago. 

Mar.  21-24,  1960:  Institute  of  Radio 
Engineers,  National  Convention, 
Coliseum  &  Waldorf-Astoria  Hotel, 
N.  Y.  C. 


There’s  more  news  in  ON  the 
MARKET,  PLANTS  and  PEO¬ 
PLE  and  other  <lepartments  be¬ 
ginning  on  p  72. 
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ALPHA 


Developed  by  Temco 
Electronics  under  Na'.y 
contract,  Alpha  is  an  airborne 
transmitting  and  receiving 
television  system.  Used  in 
conjunction  with  a  video  tape 
recorder,  Alpha  permits 
simultaneous  real  time  viewing 
and  video  recording  of  visual 
TV  information  during  flights. 

Transmitter  is  mounted  in 
an  advance  or  search  aircraft 
. .  receiving  system  can  be 
carried  by  a  stand-off  aircraft 
or  in  a  fixed  or  mobile  ground 
installation  at  ranges  of  100 
miles  or  more.  Alpha  is  one 
of  the  many  electronic 
systems  under  development 
by  Temco  Electronics. 


The  new  Brush  6-8  channel  recorders  are 


Brush  6-8  channel 
recording  system 


RBCTIUNEAR  . . .  COMPACT 


PRECISE  .  .  .  SIMPLIFIED! 


designed  to  give  highest  reliabihty  and  pre¬ 
ciseness  to  readouts  for  telemetry,  computer, 
ground  control  and  other  data  gathering 
systems — with  a  maximum  of  simplicity. 

A  Complsts  6  or  8  channel  cyttom  includes 
slide  mounted  oscillograph— signal  condition¬ 
ing  amplihers — requires  (Hily  20"of  rack  hei^t. 

B  IntorchangoaMo  plug-in  signal  condHionort.  In 

addition  to  amplification,  four  important  func¬ 
tions  are  provided:  high  input  impedance, 
zero  suppression,  attenuation  and  calibration. 

0  "8ull-out"  horizontal  writing  table  permits 
convenient  annotation,  reading  and  control 
—without  removing  chart  paper  or  turning 
off  recorder. 

O  Rectilinear  presentation  gives  clear,  uniform 
amd  reproducible  traces  for  simplified  analysis 
and  interpretation.  Excellent  resolution  at  all 
amplitudes  and  recording  speeds. 


CI.EV1TE 


37TM  and  PERKINS 


IXSXR.TJMEMTS 

DIVISION  OF  ^ 

CLEVELAND  14,  OHIO 


(C)  SERIES  CONNECTED 


(A)  CONVENTIONAL 


FIG.  1— Convantional  shift  rtgistsr  slag*  us*s 
u-<  coupling  (A)  and  i.'t*grat*d  stag*  us*s 
g*rmaniuni  d*lay  bar  (B).  S*ri*s-conn*ct*d 
int*gral*d  shift  r*gist*r  shown  in  (C)  and 
parall*l-conn*ct*d  shown  in  (D) 


(B)  INTEGRATED 


(0)  PARALLEL  CONNECTED;:  ^ 


Semiconductor  Devices 
for  Microminiaturization 


Integrated  semiconductor  devices  allow  true  microminiature  electronic  de¬ 
vices  to  be  built  with  a  packing  density  of  approximately  10''  parts  per 
cubic  foot.  Method  of  use  in  logic  circuits  explained 


and  S.  M.  MARCUS, 

RCA  Defense  Eleotionlc  Prod.  Dlv.,  Camden,  N.  J, 


By  J.  T.  WALLMARK, 

HC.V  Laboratories,  Princeton,  X.  J. 


Great  interest  has  been  focused  on  the  use  of  solid- 
state  phenomena  for  various  circuit  functions  in 
electronic  equipment.  In  addition  to  the  conventional 
circuit  functions,  such  use  may  lead  to  new  and 
unusual  effects  that  cannot  easily  be  achieved  with 
conventional  components.* 

In  an  integrated  semiconductor  device,  active  and 
passive  components  are  incorporated  in  a  single  piece 
of  semiconductor  material  with  no  interconnecting 
metallic  leads. 

The  main  advantage  of  the  integrated  semicon¬ 


ductor  device  is  the  extremely  compact  form  that 
makes  possible  true  microminiature  electronic  com¬ 
ponents  that  may  be  built  to  a  packing  density  of 
approximately  10'  parts  per  cubic  foot. 


INTEGRATED  SHIFT  REGISTER— One  stage  of 
the  shift  register  shown  in  Fig.  lA  consists  of  a 
thyristor^,  a  device  that  exhibits  a  negative  resist¬ 
ance  characteristic  within  a  certain  range  of  current 
and  voltage  and,  therefore,  may  be  u.sed  as  a  bistable 
element  to  store  one  digit.  This  digit  may  be  shifted 
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P-N  JUNCTION 


FIG.  3— Basic  building  block  direct-coupUd 
unipolar  transistor  logic  dovico 


FIG.  2— Unipolar  transistor  showing 

mothod  of  construction 


FIG.  4 — Intogrotod  basic  building  block 
combining  two  unipolar  transistors 


to  the  adjacent  stage  turning  it  on.  The  R-C  circuit 
which  in  effect  turns  all  stages  off.  From  the  stage 
that  was  ON,  a  pulse  is  sent  through  an  R-C  circuit 
to  the  adjacent  stage  turning  it  ON.  The  R-C  circuit 
should  have  a  time  constant  long  enough  to  store 
this  information  while  the  stages  themselves  are 
being  cleared  to  make  ready  to  receive  new  informa¬ 
tion.  This  constitutes  temporary  storage. 

In  Fig.  IB,  the  R-C  circuit  has  been  replaced  by  a 
semiconductor  delay  line  consi.sting  of  a  small  bar 
of  germanium.  The  shift  pulse  is  applied  along  this 
bar  and  sends  minority  carriers  from  the  ON  stage 
down  the  bar.  The  minority  carriers  are  collected 
at  the  end  of  the  bar  after  a  time  equal  to  the  transit 
time  and  are  u.sed  to  trigger  the  next  stage  ON. 

The  complete  shift  register  may  take  the  forms 
shown  in  Fig.  1C  and  D,  which  show  two  versions: 
elements  arranged  in  series  and  elements  arranged 
in  paraliel.  The  parallel  arrangement,  although 
slightly  more  complicated,  reduces  the  shrinkage 
problem  in  fabrication. 


shown  in  Fig.  2,  operates  as  follows:  when  a  reverse 
bias  is  applied  to  the  gate  contact,  the  depletion  layer 
of  the  p-w  junction  grows  and  encroaches  on  the 
channel  region  making  it  narrower  until  the  resist¬ 
ance  from  the  source  to  drain  becomes  of  the  order 
of  10  to  100  megohms.  When  the  reverse  bias  is 
reduced,  the  depletion  layer  retreats  from  the  channel 
region  and  the  resistance  from  source  to  drain  re¬ 
duces  to  approximately  5,000  ohms.  At  the  same  time, 
the  gate  is  insulated  from  the  source-drain  by  a 
reverse-biased  junction  constituting  a  high  resist¬ 
ance,  which  in  silicon  is  approximately  100  megohms. 

The  unipolar  transistor  is  in  effect  a  voltage-con- 
trolled  relay  and  may  be  used  as  such  in  the  construc¬ 
tion  of  logic  systems.  The  high-frequency  cutoff  for 
the  unipolar  transistor  shown  in  Fig.  2  is  10  me. 

Figure  3  shows  a  basic  DCUTL  building  block. 
The  unit  consists  of  a  unipolar  transistor  with  asso¬ 
ciated  output  and  input  load  resistors.  As  these 
building  blocks  are  used  in  arrays  consisting  of 
large  numbers  of  units  in  series  and  parallel,  the 
output  resistor  of  one  stage  may  be  the  input  resistor 
of  the  next  stage.  The  value  of  the  output  resistor 
of  the  basic  building  block  is  not  too  different  from 
that  of  the  channel  resistance  of  the  unipolar  tran¬ 
sistor. 

A  second  unipolar  transistor  may  be  substituted 
for  the  load  resistance  if  its  channel  width  is  made 
slightly  smaller  to  obtain  the  correct  resistance  value. 
The  resistance  of  the  unipolar  transistor  element  is 
highly  nonlinear,  which  is  desirable  in  that  it  in¬ 
sures  more  positive  switching  action.  The  building 
block  then  becomes  the  device  shown  in  Fig.  4. 


UNIPOLAR  LOGIC — A  second  integrated  device* 
utilizing  the  unipolar  transistor*  is  called  the  direct- 
coupled  unipolar  transistor  logic,  or  DCUTL. 

The  unipolar  transistor,  one  version  of  which  is 


RELAY  SYMBOL 


LOGIC  CIRCUIT  USE— Figure  5  shows  a  multiple 
AND  circuit  consisting  of  four  active  and  one  passive 
unipolar  elements.  When  no  signal  is  applied  to  the 
input  gate  contacts,  all  gates  attain  a  large  negative 
voltage  shutting  off  all  elements.  When  one  or  more 
gates  are  driven  to  a  les.s  negative  voltage,  the  cor¬ 
responding  channel  resistances  shift  from  high  to 
low  value  turning  ON  the  elements.  However,  the 
output  voltage  will  remain  highly  positive  until  all 
gates  are  biased  to  a  small  negative  voltage.  In  this 
case  the  output  voltage  becomes  a  small  positive 
voltage  corresponding  to  ON. 


DUCTL 


A  INTEGRATED  DUCTL 


FIG.  5— MultipU  AND  gat*  contitling  of  four  activ*  and  on*  potiiva 
unipolar  alamantt 
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FIG.  8— Threa-ttaga  trantfar  traa  usad  for  oddrassing  diffarant  part*  of  a  cempular  mamory.  It  it  mada  up  of  24  unipolar  alamont*  con- 
nactad  in  aight  row*  of  thrao  alamont*  aoch 


n-tYPE  GERMANIUM 


p-TYPE 

GERMANIUM 


BOTTOM  VIEW 


INTEGRATED  DCUTL 


RELAY  SYMBOLS 


RELAY  SYMBOL 


DCUTL 


^RRY, 


CARRY 


SUM™ 

PARTLY  INTEGRATED  DCUTL' 


INTEtoATEO  DCUa-^ 


INTCGRATEO  DCUTL 


FIG.  6— Soria*  connactad  OCUTl  dovica 
u*ing  complomantory  *ymmatry 


FIG.  7— Half  addor  u*ing  DCUTl  elamants  add*  two  digit*  and  *upplio*  *um  and  carry 
a*  two  output  pul*a« 


One  important  requirement  of  the  building  block 
is  that  a  pulse  passing  from  one  end  to  the  other 
does  not  deteriorate  but  retains  its  shape  and  height. 

Analyses  of  a  series  chain  of  stages,  such  as  those 
shown  in  Fig.  6,  showed  that  voltages  corresponding 
to  ON  and  OFF  are  stable  and  propagate  unchanged 
even  through  an  infinite  chain.  This  means  that  the 
unipolar  element  serves  as  a  logic  element,  amplifier 
and  limiter. 

Noise  at  the  input  is  not  passed  along  as  unipolar 
elements  amplify  only  signals  above  a  certain  level 
and  reject  signals  below  that  level.  Noise  remains 
at  a  low  level  even  through  an  infinite  chain. 

In  the  series  chain  shown  in  Fig.  6,  alternate  ele¬ 
ments  have  complementary  .symmetry;  n-type  base 
elements  alternate  with  p-type  base  elements  and  the 
voltage  polarity  alternates.  This  keeps  the  junctions 
reverse-biased  at  all  times. 

HALF-ADDER — The  half-adder  shown  in  Fig.  7 
consists  of  three  small  pieces  of  silicon  treated  to 
contain  a  few  active  and  passive  unipolar  elements 
mounted  on  a  thin  piece  of  insulator  carrying  the 
printed  circuit  connections  between  the  elements  and 
the  power  supply.  This  half-adder  adds  two  digits 
in  the  form  of  ON  or  off  pulses  supplied  to  the  two 
inputs  and  delivers  the  sum  and  eventual  carry  as 
two  output  pulses.  This  function  is  conventionally 
performed  by  a  score  of  transi.stors,  resistor  and 
capacitors. 

A  more  complex  circuit  known  as  a  transfer  tree 


is  shown  in  Fig.  8.  This  unit,  used  to  address 
different  parts  of  a  computer  memory,  is  made  of 
24  unipolar  elements  connected  in  eight  rows  of  three 
elements  each.  The  gates  of  the  unipolar  transistors 
are  connected  to  three  flip-flop  circuits  (not  shown 
in  the  figure)  that  give  large  negative  bias  to  the 
gates  corresponding  to  off,  while  the  other  gates  are 
given  a  small  negative  bias  corresponding  to  on. 

In  this  manner,  one  and  only  one  row  of  unipolar 
elements  will  be  all  ON,  connecting  the  input  to  one 
of  the  outputs.  The  other  rows  will  have  at  least 
one  element  in  the  off  condition  thus  disconnecting 
all  other  outputs.  By  setting  the  flip-flops  in  different 
states,  the  input  may  be  connected  to  any  one  of  the 
eight  outputs.  This  principle  may  be  extended  to 
larger  numbers  if  desired. 

The  load  resistances,  which  again  would  be  inte¬ 
grated  into  the  device,  are  not  shown  in  the  figure. 

Entire  logic  portions  of  a  digital  computer  may 
contain  nothing  but  integrated  devices  in  which  small 
silicon  elements  are  sandwiched  between  ceramic  in¬ 
sulating  wafers  and  the  sandwiches  stacked. 

More  complex  circuit  functions,  such  as  tuned  cir¬ 
cuits  may  also  be  incorpY)rated  in  integrated  devices. 

Refekences 

(1)  E.  VV'.  Herold.  Fiitur«;  Circuit  A.-<pecl.s  of  Solid-State 
Phenomena,  /’roc  IKK,  45,  p  1,4K3,  19.">7. 

(2>  C.  W.  Mueller  and  J.  Hlllbrand,  The  Thyrlxtor — A  New 
HiKh-Speed  Switching  Tran.sl.Mtor.  Trans  IKK,  EI>-5,  p  2,  1958. 

(3)  j.  T.  Wallmark  and  S.  XL  Maroux,  Integrated  Devicea 
Using  Direct-Coupled  Unipolar  Transistor  Uogic,  Trans  IKK, 
EC.  June  1959. 

( 4 )  W'.  Shockley,  A  Unipolar  Field-Effect  Transistor,  Proo 
IRK,  40,  p  1,365,  19b2. 
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vidicon 


FIG.  2— S«ntitiv«  film  composition 


FIG.  3— Coll  bios  commutation  tochniquo 


Detecting  Low-Level 


ONE  TECHNIQUE  that  would  per¬ 
mit  use  of  multiple  infra¬ 
red  detectors  without  increasing 
greatly  the  electronic  circuits  re¬ 
quired  is  the  infrared  vidicon.  As 
yet,  such  a  tube  does  not  exist. 

Figure  1  is  a  sketch  of  a  proposed 
infrared  thermal  vidicon.  In.stead 


of  the  thermal-sensitive  element 
shown,  the  sensitive  surface  could 
be  photoconductive  with  the  film 
material  dependent  on  the  desired 
wavelength  band. 

As  envisioned,  such  a  vidicon 
would  be  small.  It  would  consist  al¬ 
most  entirely  of  a  standard  electron 


gun  facing  the  back  of  the  sensitive 
element.  The  element  located  be¬ 
hind  the  infrared  window  would 
consist  of  a  thin  film  coated  with  a 
transparent  electrically  conductive 
front  surface.  The  film  behaves  like 
a  large  number  of  independent  de¬ 
tectors — possibly  250,000  detectors 
pier  .sq  in.  of  sensitive  surface. 

The  equivalent  circuit  of  the  sen¬ 
sitive  film  is  shown  in  Fig.  2.  In 
circuit  of  Fig.  2  each  equivalent 
detector  is  connected  to  a  leaky 
capacitor.  When  commutated  by 
the  electron  beam,  the  back  surface 
is  brought  to  cathode  potential. 
Between  commutations,  the  poten¬ 
tial  across  the  film  reduces  toward 
that  defined  by  the  bias  on  the 
front  surface.  Rate  of  capacitor 
di.scharge  is  defined  by  the  value  of 
the  capacitance  and  of  the  parallel 
resistance.  Resistance,  in  turn,  is 
defined  by  the  radiation  incident  on 
the  surface.  The  signal  voltage  in¬ 
tegrates  for  the  commutation 
period  which  is  selected  as  less  than 
the  R-C  time  constant. 

A  thermal  imaging  vidicon  would, 
for  many  applications,  be  an  ideal 
search  device.  Unfortunately,  prob¬ 
lems  inherent  in  its  manufacture 
because  of  lack  of  proper  materials 
may  be  expected  to  prevent  com¬ 
plete  success  in  its  development  in 
the  near  future. 

Work  has  been  done  to  develop 
techniques  which  use  as  much  of 
the  vidicon  principle  as  possible 
while  staying  within  the  present 


THE  FRONT  COVER— Clotoup  of  COOES  shows  somo  of  tho  porollel-tunod  tank  circuits 
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Multiple-cell  infrared  detectors  have  increased  sensitivity  compared  to  single¬ 
cell  systems  and  require  less  optical- mechanical  equipment.  But  these  ad¬ 
vantages  tend  to  be  offset  by  a  need  for  more  complex  electronics.  Here 
are  ways,  however,  that  allow  you  to  have  your  cake  and  eat  it,  too 


By  H.  DUBNER,  Manager  and  J.  SCHWARTZ  and  S.  SHAPIRO,  Research  Consultants, 
Advanced  Development  Laboratory,  Avion  Dlv.,  ACP  Industries,  Inc.,  Paramus.  N.  J. 


Infrared  Energy 


FIG.  4— Ceramic  filter  with  printed  R-C  FIG.  5— Distributed  R-C  filter  is  1  by  1  by 

circuit  on  its  face  0.01  in. 
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state-of-the-art  materials,  detectors 
and  electronics.  These  techniques 
.seek  to  approximate  the  basic  vidi- 
con  advantages  of  multiple  elements 
with  high  .sensitivity,  integration  or 
storage  for  an  entire  frame  and  sig¬ 
nal  processing  which  minimizes 
electronic  complexity. 

Search  Techniques 

In  performing  a  search  function, 
progression  from  single  cell  to  vidi- 
con  follows  this  path:  single  cell; 
multiple  cell,  multiple  amplifier; 
multiple  cell,  single  amplifier;  mo¬ 
saic  infrared  tube  and  vidicon. 

The  ultimate  vidicon  has  been 
discu.ssed.  The  multiple  cell,  multi¬ 
ple  amplifier  design  will  not  be  di.s- 
cussed  because  of  its  direct  ap¬ 
proach  and  because  of  the  degree  of 
electronic  complexity  involved.  The 
remaining  two  techniques — multi¬ 


ple  cell,  single  amplifier  and  the 
mosaic  infrared  tube — will  be 
treated. 

In  solving  the  problems  attendant 
to  use  of  the  multiple  cell,  single 
amplifier  technique,  three  ap¬ 
proaches  have  been  used — bias  com¬ 
mutation,  frequency  multiplexing 
and  low’-level  a-c  commutation. 

Bias  Commutation 

Cell  bias  commutation  is  illus¬ 
trated  in  Fig.  3.  Many  cells  are  fed 
into  the  same  amplifier.  Only  three 
are  shown  here.  It  should  be  noted 
that  if  all  the  cells  are  operative  at 
the  same  time,  the  effect  w’ould  be 
similar  to  u.se  of  one  large  cell,  con¬ 
sidering  re.solution  and  signal-to- 
noise  relationships. 

In  commutating  the  bias  of  the 
cells  so  that  only  one  cell  is  on  at 
any  one  time,  a  serious  problem  re¬ 


sults.  The  transient  involved  in 
turning  on  a  cell  is  about  a  million 
times  greater  than  the  threshold 
signal  obtained  from  a  cell.  Some 
means  of  filtering  the  bias  had  to 
be  devised  to  cut  down  these  tran¬ 
sients. 

With  an  applied  bias  of  100  v,  at 
least  10  stages  of  filtering  would  be 
required  to  reduce  the  transient  to 
a  tolerable  level.  Outcome  of  such  a 
requirement  is  that  each  cell  would 
contain  a  vast  number  of  associated 
components.  An  obvious  question 
then  arises.  What  has  been  gained 
by  using  only  a  single  amplifier? 
The  an.swer  is  that  there  is  need  for 
a  more  compact  filter. 

A  compact  filter  which  performs 
the  necessary  reduction  of  tran¬ 
sients  is  shown  in  Fig.  4.  It  is  a 
ceramic  wafer  with  printed  R-C  cir¬ 
cuitry  on  its  face.  Wafer  material 
is  barium  titanate  with  a  dielectric 
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constant  of  about  8,000.  A  1  by  1 
in.  .square  wafer  with  a  thickness 
of  0.01  in.  produces  for  each  capaci- 
Uince  a  value  of  about  0.01  /if.  Only 
four  R-C  sections  are  shown  but  10 
such  .sections  could  be  applied  to  a 
one-in.  .square. 

Logical  extension  in  number  of 
filter  .sections  results  in  a  distrib¬ 
uted  filter  which  behaves  as  a  tran.s- 
mi.ssion  line.  A  distributed  R-C  filter 
as  shown  in  Fig.  5  was  developed. 
In  construction,  the  ceramic  is 
heated  and  on  one  surface  a  com¬ 
mon  electrode  of  conducting  mate¬ 
rial  is  fused.  On  the  opposite  sur¬ 
face,  a  high-resistive  coating  of 
palladium  is  metalized  to  the  barium 
titanate.  Frequency  re.sponse  is  ade¬ 
quate  for  use  with  a  system  which 
commutates  the  bias  on  25  cells 
every  second.  For  an  input  chop¬ 
ping  frequency  of  1,000  cps,  suffi¬ 
cient  transient  attenuation  is  ob¬ 
tained  while  .still  permitting  signal 
energy  to  pass. 

An  artist’s  conception  of  a  bias 
commutated  system  is  shown  in 
Fig.  6.  Infrared  energy  is  collected 
and  focused  on  the  detector  array 
through  an  optical  system.  The  ro¬ 
tating  wheel,  the  chopper  with  equal 
alternate  opaque  and  transparent 
sectors  to  infrared  energy,  modu¬ 
lates  the  focused  energy  impinging 
on  the  detectors  at  a  frequency  of 
1,000  cps.  Sampling  of  the  cell  out¬ 
put  is  accomplished  as  shown  in 
Fig.  3. 

The  bias  commutation  method 
provides  for  a  mechanical  rather 
than  an  electrical  improvement.  It 
does  not  provide  improved  sensi¬ 
tivity  because  only  one  cell  at  a 
time  is  in  use.  An  advantage  in  hav¬ 
ing  only  one  cell  on  at  a  time  is  that 
it  permits  use  of  higher  than  normal 
bias.  This  feature  can  be  important 
when  used  in  systems  which  have 


high  noi.se  levels  from  sources  other 
than  the  cells. 

Figure  7  illustrates  the  method 
by  which  frequency  multiplexing 
may  be  used  to  reduce  complexity 
of  an  infrared  system.  The  focal- 
plane  chopper  may  have  a  configura¬ 
tion  as  shown  in  Fig.  7  which  modu¬ 
lates  energy  on  the  separate  cells 
at  different  frequencies.  The  de¬ 
tector  array  consists  of  a  vertical 
row  of  cells  with  each  cell  placed 
behind  one  concentric  row  of  the 
chopper.  Number  of  tran.sparent 
and  opaque  sectors  on  the  chopper 
is  varied  from  cell  to  cell  to  yield 
a  different  chopping  frequency  on 
each  cell. 

Method  of  processing  the  signal 
from  each  cell  is  shown  in  Fig.  8. 
Although  only  three  cells  are  shown, 
many  more  may  be  used.  Output  of 
each  cell  is  connected  to  a  tank  cir¬ 
cuit  tuned  to  the  specific  frequency 
of  cell  operation.  A  secondary  wind¬ 
ing  is  added  to  the  inductor.  This 
secondary  is  connected  in  series 
with  those  from  the  other  cells,  pro¬ 
viding  a  summation  of  all  of.  the 
chopped  frequencies.  All  frequen¬ 
cies  are  then  applied  to  one  broad¬ 
band  low-level  amplifier  with  a  re- 
.spon.se  sufficient  to  pass  the  several 


FIG.  8— Frequancy  multipUxing  signal 
processing  technique 


different  chopped  frequencies. 

Separation  is  effected  at  the  am¬ 
plifier  output  by  sharply  tuned  fil¬ 
ters  for  each  frequency  channel.  Be¬ 
cause  of  filtering  before  summation 
of  input  signals,  the  signal-to-noise 
ratio  of  each  output  is  that  of  the 
separate  cell. 

In  this  manner,  a  frequency  mul¬ 
tiplexing  technique  becomes  a  sim¬ 
ple  and  powerful  method  of  reduc¬ 
ing  the  number  of  components  in 
a  multielement  system.  A  limita¬ 
tion  on  its  u.se  is  that  all  frequencies 
must  be  in  the  range  in  which 
signal-to-noise  ratio  is  high. 

Low-Level  Commutation 

A-c  commutation  is  the  third  ap¬ 
plication  of  the  multicell  single¬ 
amplifier  technique.  A  mechanical 
commutator  is  connected  directly 
to  the  cell  output.  Output  of  the 
commutator  drives  the  amplifier. 

Usual  use  of  mechanical  commu¬ 
tators  to  commutate  d-c  preclude 
operation  in  the  mv  range  and  are 
not  considered  for  switching  micro¬ 
volts  at  high  impedance. 

Analysis  of  the  source  of  com¬ 
mutator  noise  indicates  that  it  is 
primarily  the  result  of  poor  contact 
between  the  wiper  arm  and  each 
segment.  If  used  for  signal  detec¬ 
tion  in  which  no  d-c  is  commutated 
and  where  high  accuracy  of  commu¬ 
tation  is  not  required,  noise  from 
this  source  will  be  proportional  to 
signal  and  will  not  interfere  with 
commutation.  The  only  remaining 
noise  is  the  contact  potential  devel¬ 
oped  by  the  difference  in  materials 
between  the  wiper  and  commutator 
segments. 

In  the  a-c  commutation  system 
developed,  no  attempt  was  made  to 
pass  d-c  through  the  commutator. 
As  shown  in  Fig.  9,  a  blocking  ca¬ 
pacitor  is  included  which  charges 
up  to  the  contact  potential  so  that 
the  only  noise  remaining  is  of  a 
random  quantity  because  of  varia¬ 
tion  in  contact  potential.  This 
amount  of  random  noise  is  in  the 
order  of  a  few  microvolts  and  gen¬ 
erally  below  the  cell  noise. 

In  operation,  as  shown  in  Fig.  9, 
the  chopping  frequency  will  appear 
in  the  tuned  high-Q  tank  circuits. 
All  cells  may  be  operative  at  the 
same  frequency.  The  tank  circuit 
with  its  narrow  bandwidth  per¬ 
forms  a  dual  function.  It  stores  en¬ 
ergy  for  a  period  of  time  and  it  dis- 


40 


JUNE  26,  1959  •  ELECTRONICS 


COLLECTING 

M'RROR 


-CORRECTION  LENS 


SCAN  MOTOR 


reticle 


30  CELL 
array' 


FILTER 


APERTURE 


SCANNING 

MIRROR 


COMMUTATOR 


with  typical  dimensions  of  1  by  1 
by  0.1  in. 

Glass  is  coated  with  a  silver  com¬ 
pound  which  is  then  fired  into  the 
slass.  Barium  titanate  is  fired  onto 
the  glass  surface  forming  the  ca¬ 
pacitive  element  of  the  distributed 
filter.  Resistive  portion  of  the  filter 
is  a  coating  of  palladium  deposited 
onto  the  barium  surface.  The  photo- 
conductive  material  is  the  next  de¬ 
posit  after  which  each  cell  and  its 
R-C  circuit  is  .separated  by  a  thin 
line  cut.  The  electron  beam  .scans 
the  surface  at  the  rear  of  the  block 
illustrated  and  output  is  obtained 
across  the  resistance  shown. 

Method  of  operation  is  indicated 
in  Fig.  12.  For  detection  of  point 
targets,  the  image  is  modulated  syn- 

criminates  against  noise.  Infinite  scans  the  .same  field  in  the  same  thronously  with  the  a-c  excitation, 

impedance  of  the  blocking  capacitor  time.  In  actual  practice,  sensitivity 

to  d-c  prevents  d-c  from  entering  is  somewhat  poorer  because  of  vari- 

the  commutator  contacts.  But  en-  ous  practical  difficulties.’ The  equip-  |S 

ergy  in  the  tank  circuit  is  dis-  ment  weighs  15  lb  and  u.ses  a  five-  P 

charged  and  appears  across  a  re-  transistor  signal  'amplifier, 
si.stance  at  the  amplifier  input. 

Constant  amplitude  of  the  a-c  sig¬ 
nal  from  the  cell,  varying  at  the 
chopping  rate,  is  fed  to  the  tank 
or  storage  circuit  where  it  builds  up 
with  the  characteristic  rise  time  of 
the  storage  element.  Sampling  the 
tank  circuit  creates  the  pulse  which 
drives  the  amplifier. 

The  CODES  (Commutating  De¬ 
tector  Set)  employing  the.se  princi¬ 
ples  contains  the  major  portions 
shown  in  Fig.  10.  In  operation,  a 
.scanning  mirror  is  rocked  by  a  mo¬ 
tor.  Radiation  is  collected  on  the 
primary  scanning  mirror  and  is 
transmitted  in  a  path  indicated  by 
the  arrows  in  the  figure. 

Optical  configuration  is  a  concen¬ 
tric  optical  .system  with  spherical 
surfaces  on  the  correcting  lens  and 
collecting  mirror.  All  rays  focus 
onto  a  curved  reticle  surface  be¬ 
hind  which  a  30-cell  array  is  located. 

The  30  lead-sulfide  cells  provide  for 
a  system  which  can  .scan  a  40  by  90 
deg  field  in  i  sec.  A  high-speed 
commutator  samples  the  storage 
circuits  which  are  30  parallel-tuned 
tanks  driven  by  cell  signals.  Energy 
stored  during  an  integration  period 
is  unloaded  when  the  commutator 
arm  contacts  a  tank  circuit  and  this 
energy  is  applied  to  an  amplifier. 

Theoretical  sensitivity  of  the  set 
is  \  30  or  about  5§  times  better  than 
an  equivalent  single-cell  unit  which 


FIG.  10— Major  portions  of  CODES  (Commutating  Dotector  Sot) 


Mosaic  Infrared  Tube 

The  mo.saic  infrared  tube  is  the 
final  technique  using  multiple  de¬ 
tectors.  A  sketch  of  a  possible  tube 
of  this  type  is  shown  in  Fig.  11.  The 
unit  would  use  electronic  scanning 
with  a  multiple  set  of  detectors — 
about  1,000  per  sq  in. — and  would 
al.so  integrate  and  store  for  an  en¬ 
tire  frame.  Method  of  constructing 
the  mosaic  is  such  that  it  can  be 
manufactured  with  pre.sent-day 
techniques. 

Precommutation  integration  and 
electron-beam  scanning  of  a  vidicon 
are  incorporated  in  the  mosaic  in¬ 
frared  tube.  But  it  does  not  require 
use  of  uniform  high-resistive  photo- 
conductive  material.  The  mosaic  is 
constructed  of  glass  wafers  each 
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FIG.  13— Mosaic  infrorod  tub*  oquivoUnt 
circuit 


The  cell  on  which  the  point  target 
is  imaged  on  the  positive  bias  cycle 
will  not  be  the  same  cell  on  which 
the  target  is  imaged  on  the  negative 
bias  cycle.  The  difference  in  cell  re¬ 
sistance  between  positive  and  nega¬ 
tive  cycles  results  in  a  net  direct 
voltage  on  the  storage  capacitor. 
This  voltage  will  integrate  for  a 
period  of  time,  depending  on  the 
R-C  time  constant.  Amplitude  of 
the  signal  will  be  in  proportion  to 
target-to-background  contrast.  In 
the  absence  of  a  target,  and  assum¬ 
ing  a  uniform  background,  no  net 
direct  voltage  will  be  generated. 
The  a-c  signal  is  attenuated  by  the 
distributed  filter.  Voltage  on  the 
storage  capacitor  is  commutated  by 
the  electron  beam. 
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FIG.  11— Mosaic  infrarod  tubo 


Monitoring  Radioisotope 


Battery-operated  radiation  monitors  record  radioactivity  level  of  flowing 
liquids  or  gases  under  field  conditions.  Unit  described  has  battery  life  in 
excess  of  300  hours  and  uses  economical  circular  chart  recorder 
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USE  OF  RADIOACTIVE  ISOTOPES  HS 
tracers  in  the  petroleum  in¬ 
dustry  often  involves  monitoring 
the  radioactivity  level  of  flowing 
liquids  or  gases  over  relatively  long 
periods  of  time.  In  many  instances, 
location  of  monitoring  points  is 
such  that  reliable  power  is  not 
available.  Often  no  housing  is  avail¬ 
able  for  the  monitoring  instrument 
and  it  is  subjected  to  wide  extremes 
of  temperature  and  humidity.  The 
proximity  of  heavy  moving  ma¬ 
chinery  may  impose  severe  shock 
and  vibration  problems.  As  opera¬ 
tion  by  untrained  personnel  is  an 
occasional  necessity,  a  minirsiim  of 
controls  or  adjustments  is  desirable. 
The  instrument  de.scribed  in  this 
article  w'as  designed  for  field  use 
under  such  conditions. 


Detection  head  includes  high-voltage  power  supply  and  pulse  amplifier  in  hermetically- 
sealed  case.  Remainder  of  circuit  and  recorder  is  mounted  within  housing 


age  unit  is  used  to  supply  high 
voltage  for  the  counter.  Consider¬ 
able  variation  of  required  input 
power  occurs  among  different  sup¬ 
ply  units.  The  average  unit  requires 
100-mw  input  power  to  supply  11 
mw  of  high-voltage  pow’er.  The  100- 
mw  input  power  is  more  than  half 
of  the  total  power  requirement  for 
the  battery  recording  unit.  Im¬ 
provement  of  efficiency  in  this  por¬ 
tion  of  the  equipment  would  yield 
substantial  gains  in  battery  life. 

The  G-M  counter  pulse  is  ap¬ 
proximately  5  V  in  amplitude.  To 
prevent  overloading  of  transistor 
Q„  with  accompanying  pulse-width 
variations,  voltage  divider  ft,  and 
ft,  reduces  the  input  pulse  to  0.5  v. 
Diode  D,  across  the  primary  of 
transformer  T,  damps  out  any  ring¬ 
ing.  Transistor  Q,  operates  with  no 
bias  and  draws  little  or  no  quiescent 
current. 

The  output,  pulse  is  0.75  v  in  am¬ 
plitude  and  20  fisec  wide.  The  im- 


10  times  a  normal  reading.  This  in 
turn  causes  false  alarms  and  will 
deactivate  the  unit  until  it  is  reset. 
Operations  type  recorders*  elimi¬ 
nate  this  difficulty  but  still  do  not 
Choice  of  a  recorder  was  dictated  present  data  that  would  allow'  an- 
primarily  by  cost  considerations.  A  alysis  of  the  variation  in  radio- 

atrip-chart  recorder  would  have  activity  and  determination  of  its 

been  .satisfactory  from  an  opera-  cause, 
tional  standpoint,  but  the  co.st  of 
such  units  was  more  than  twice  that 
of  the  circular  recorder  used.  The 
clock-stopping  type  of  instrument' 
has  a  number  of  inherent  faults.  If 
an  ordinary  12-hour  clock  is  used, 
some  method  of  eliminating  am¬ 
biguity  of  indications  is  necessary, 
unless  the  device  is  attended  at 
least  twice  during  each  24-hour 
period.  More  important  is  the  lack 
of  quantitative  data,  particularly 
with  an  expo.sed  and  unshielded 
radiation  unit.  Variation  in  back¬ 
ground  count  due  to  fallout,  radon 
buildup  or  other  phenomena  can 
cau.se  excursions  of  more  than  3  to 


Recorder 


Detect iort  Unit 

Figure  1  shows  the  circuit  dia¬ 
gram  of  the  detection  unit.  The 
Geiger-Muller  counter  is  a  brass- 
wall,  bismuth-coated-cathode  unit 
operating  at  1,100  v.  The  normal 
background  counting  rate  is  about 
300  cpm.  Sensitivity  is  such  that 
when  used  as  dipping  counters  in  a 
liquid  volume  of  7  liters,  a  concen¬ 
tration  of  10  '“  curies  per  milliliter 
(0.1  microcurie  per  liter)  of  Io¬ 
dine""  yields  a  counting  rate  slightly 
more  than  200  cpm  above  back¬ 
ground. 

A  potted  commercial  high-volt¬ 
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FIG.  1  — G«ig*r-Mull«r  counter  roceivos  its 
high  voltogo  from  pottod  unit 


pedance  at  the  output  tran.sformer 
secondary  is  sufficiently  low  so 
that  no  crosstalk  occurs  when  driv¬ 
ing  500-ft  lengths  of  unshielded 
4-conductor  cables,  provided  the 
cables  are  terminated  in  2,000 
ohms  or  less. 

Counting-Rate  Meter 

The  counting-rate  meter  shown 
in  Fig.  2,  uses  two  transistors  in 
an  integrating  circuit  and  a  vac¬ 
uum-tube  recorder-drive  circuit. 
The  vacuum-tube  output  circuit  was 
iKsed  because  of  the  high  quiescent 
current  demands  of  suitable  tran¬ 
sistor  output  circuits.  The  single- 
ended  tube  circuit  is  sufficiently 
stable  so  that  overall  system  drift 
is  less  than  10  percent. 

The  counting-rate  circuit  con¬ 
sists  of  transi.stors  Q,  and  Qi  in  a 
one-shot  multivibrator  circuit  whose 
output  is  a  4.5-v,  260-/isec  square 
pulse.  This  pul.se  charges  integrat¬ 
ing  capacitor  C,  through  diode  D.. 
The  multivibrator  requires  a  0.1-v 
pulse  for  reliable  triggering.  Since 
several  times  this  voltage  is  avail- 


FIG.  3— Rt<ord«r  respont*  it  linuor  for 
oppreximotoly  the  first  half  tcolo  and 
•stontially  logarithmic  ovor  tho  remaindor 


able  from  the  detection  unit,  no 
input  amplifier  is  required. 

Linear  response  in  a  counting- 
rate  integrating  circuit  requires 
that  the  charging-pulse  amplitude 
be  very  large  with  respect  to  the 
range  of  voltage  over  which  the 
integrating  capacitor  voltage  will 
swing.  In  this  application,  non¬ 
linearity  in  the  higher  portion  of 
the  instruments  range  is  desired; 
therefore  the  integrating  capacitor 
is  allowed  to  charge  nearly  to  the 
maximum  pul.se  voltage  at  full 
.scale.  The  resultant  response  curve 
is  shown  in  Fig.  3.  The  instrument 
is  linear  over  a  little  more  than  the 
first  half  of  the  .scale  and  essen¬ 
tially  logarithmic  over  the  re¬ 
mainder.  This  allows  small  varia¬ 
tions  of  interest  to  be  seen  without 
losing  the  record  if  an  unexpected 
large  amount  of  radioactivity  ap¬ 
pears.  Because  only  changes  in 
radioactivity  level  rather  than  ab- 
.solute  measurement  are  of  interest, 
the  rate  meter  is  not  calibrated. 
Variable-discharge  resi.stor  al¬ 
lows  the  in.strument  range  to  be 
continuously  adjusted  to  permit  .set¬ 
ting  the  recorder  to  1  to  h  full  scale 
regardless  of  background  variations 
at  various  locations.  When  absolute 
readings  are  required,  the  instru¬ 
ment  may  be  calibrated  with  either 
a  standard  source  or  a  pulse  gen¬ 
erator. 

A  mercury  cell  supplies  filament 
current  to  the  triode-connected  out¬ 
put  .stage.  With  a  plate  supply  of 
45  V,  the  E,/I,  curve  is  linear  over 
a  wide  range  although  tube  ratings 
are  exceeded  by  a  factor  of  2.  Five 
mercury  batteries  supply  the  plate 


voltage.  The  batteries  will  operate 
the  unit  almost  1,000  hours  under 
normal  operating  conditions  except 
for  the  battery  powering  the  tran¬ 
sistor  multivibrator  and  the  high- 
voltage  supply.  This  battery,  which 
is  mounted  on  the  outside  of  the 
assembly  for  ease  of  replacement, 
is  good  for  250  to  300  hours  of 
operation. 

Performance 

The  instrument  has  been  operated 
continuously  for  as  long  as  three 
weeks  and  the  overall  drift  did  not 
exceed  10  percent.  Half  of  this 
drift  is  caused  by  battery  aging 
and  the  remainder  is  thermal  drift. 
Most  of  the  drift  could  be  corrected 
by  adding  a  zener  diode  to  the  6-v 
circuit.  This  would  take  an  addi¬ 
tional  20  to  40  mw  of  power.  Range 
changes  of  approximately  10  to  1 
may  be  made  with  the  adjustable 
discharge  resistor  across  the  inte¬ 
gration  capacitor.  Changes  of 
larger  magnitude  than  this  require 
that  the  duration  of  the  charging 
pulse  output  from  the  multivibra¬ 
tor  be  shortened  by  changing  the 
R-C  feedback  elements. 

Although  this  instrument  was  de¬ 
signed  specifically  for  use  in  the 
application  of  radioi.sotope  tracers 
to  petroleum  production,  it  is  adapt¬ 
able  to  many  other  field  problems 
which  require  continuous  record¬ 
ing  of  similar  information. 
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Thin  Magnetic  Films  for 

High  speed,  large  capacity  and  manufacturing  economy  are  potential  advan¬ 
tages  of  tiny  dots  of  magnetic  alloys  deposited  on  planes  and  cylinders 


By  DONALD  O.  SMITH,  Staff  Member,  Lincoln  Laboratory,  Massachusetts  Institute  of  Technology,  Lexington,  Mass. 


Thin  magnetic  films  several  hundred  Angstroms 
(10‘"  cm)  thick  have  considerable  potential  as  mem¬ 
ory  elements  in  digital  computers.  Advantages 
sought  are  high  speed,  large  capacity  and  manu¬ 
facturing  economy.  All  three  are  most  likely  to  be 
simultaneously  realized  to  the  fullest  extent  by 
depositing  the  film  on  a  plane  substrate.  However, 
films  deposited  on  solid  and  hollow  cylinders  may 
also  find  useful  application. 

SWITCHING — High  speed  switching  is  achieved 
in  two  ways.  Sequential  rotation  of  the  atomic 
magnetic  moments  in  the  form  of  moving  ferro¬ 
magnetic  domain  walls  is  a  process  which  can  be 
made  fast  by  applying  relatively  large  fields  to 
high-coercive-force  materials.  Simultaneous  rota¬ 
tion  of  all  atomic  magnetic  moments  is  a  process 
which  clearly  represents  the  fastest  possible  switch- 


FIG.  I — Vacuum  daposition  of  a  planar  array  of  momory  spots 


ing  per  unit  of  drive  field. 

Geometrical  considerations  make  wall  motion 
more  likely  in  cylinders.  Simultaneous  rotation  is 
easily  achieved  in  planar  films.  Plane  geometry  is 
much  more  compatible  with  broad-band  strip  trans¬ 
mission  line  techniques  than  cylindrical  geometry. 

MANUFACTURE  —  Capacity  and  economy  are 
closely  related.  The  simplicity  of  vacuum  or  elec¬ 
trodeposition  of  planar  arrays  of  magnetic  spots 
and  the  attendant  simplicity  of  planar  wiring  indi¬ 
cate  that  the  ultimate  in  capacity  and  economy 
will  be  achieved  with  planes  rather  than  cylinders. 
Typical  characteri.stics  of  magnetic  films  and  cores 
are  summarized  in  Tables  I  and  11. 

Production  of  a  planar  array  is  shown  schemat¬ 
ically  in  Fig.  1.  As  the  alloy  is  va4)or  deposited 
through  the  mask  onto  the  substrate,  a  d-c  magnetic 
field  establishes  an  easy  axis  of  magnetization. 
This  provides  the  bistable  character  necessary  for 
storage  of  information.  Memory  spots  are  currently 
spaced  100  per  square  inch  (0.05  inch  diameter 
spots).  Information  storage  has  been  demonstrated 
at  densities  of  10,000  per  square  inch  (0.005  inch 
spots).  Use  of  such  dense  arrays  awaits  the  devel¬ 
opment  of  wiring  techniques  which  are  practical  at 
such  small  dimensions. 

The  work  reported  was  performed  at  Lincoln 
Laboratory,  a  research  center  operated  by  MIT  with 
the  joint  support  of  the  U.  S.  Army,  Navy  and  Air 
Force. 
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Digital  Computer  Memories 


Table  I— Present  and  Probable  Properties  of  Ferrite  Cores  and  Planar  Magnetic  Films 


Ferrite  Cores  ! 

Planar  Magnetic  Films 

Pr<»|KTly 

Prewiit 

Probable 

Present 

Probable 

Switching  Speed 

1  t^ec 

0.1  ^isec  using  partial 
swit»'hing* 

0.1  ^taec 

0.01  fixec 

Drive  Power 

800  ma  into  50  ohms 

Comparable  to  present 

400  ma  into  5  ohms 

much  less  8is  spot  dia 

(tube  drive)* 

(transistor  drive) 

reduced 

Oper  Temp 

up  to  50  C 

same 

at  least  100  C 

same 

Physical  Size 

0.05  inch  dia 

name 

O 

0.05  inch  dia  700  A  thick 

o 

0.005  inch  dia  200  A  thick 

Voltage  Output 

100  mv  at  1  ftaec 

100  mv  at  0.1  tunec  switch 

2  mv  at  0.1  gsec  switch 

•~0.1  mv  at  0.01  gsec 

switch 

switch 

yfe 

indefinitely  long 

1 

same 

no  aging  effects  yet  noticed 

Numl)er  in  a 
Systeni 

2,500,000 

probably  not  any  greater 

.120 

may  reach  many  millions 

Cost 

~5fS  per  bit 

somewhat  cheaper 

not  available  commercially 

should  bec'^ome  very  cheap 

Fabrication 

1  hand  wiring 

partially  automated 

hand  wiring 

largely  automated 

(a)  For  memory  of  2.5  million  cores  (b)  Reference  9 


Table  II— Comparison  of  Planar  and  Cylindrical  Magnetic  Films 


Sub¬ 

strate 

Shape 

Direction  of 
Preferred 
Magnetization 

1 

.Mult'rial 

!  Method 

of  Production 

Coer¬ 

cive 

Force 

Poasible 

.Applications 

Switching 
Mode 
and  Speed 

Ref 

Plane 

uniaxial 

Permalloy 

Vdcuum  or  electro- 

~2  oer- 

memory 

simultaneous 

1 

in  plane 

(~20  Fe, 

deposited  in  pres- 

steds 

rotation, 

2 

80  Ni 

ence  of  magnetic 

~0.01  fisec  @ 

3 

field 

2  oe  drive 

4 

normal 

MnBi 

separate  layers  of 

very  high. 

display:  Kerr  magneto* 

S 

to  plane 

Mn  and  Bi  vacuum 

~5,000  oe 

optical  effect 

6 

deposited  and  an- 

memory:  Curie  pt 

nealed  at  350  C 

writing 

Cylindrical 

parallel  to  axis 

~Fe 

elec  trode  posi  t  ion 

~20  oe 

memory 

walls 

7 

~0.1  iiitex-  @ 

20  oe  drive 

spiraling 

~25  Fe, 

electrodeposition 

^10  oe. 

memory 

walls 

8 

around  axis 

75  Ni-f 

onto  spirally 

~0.1  gsec  @ 

some  Mo 

worked  substrate 

20  oe  drive 
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Transistorized  Radar  Sweep 

High  duty  factor  ppi  sweep  circuit  features  efficient  and  simple  gated  clamp, 
extremely  linear  push-pull  d-c  amplifier  and  novel  use  of  silicon  transistors 
to  prevent  thermal  runaway.  Total  power  consumption  is  less  than  35  watts 


By  CHARLES  E.  VEAZIE,  Klectronlcs  Department,  The  Martin  Co.,  Baltimore,  Md. 


Transistorized  crt  deflection 
CIRCUITS  for  use  in  radar  and 
television  sets  can  be  made  much 
smaller  and  require  far  less  power 
than  their  vacuum-tube  counter¬ 
parts,  The  unit  to  be  described  was 
desijfned  for  a  50-deg  deflection 
radar  crt  and  uses  transistors  with 
recovery  times  of  approximately 
100  ^sec.  Power  consumption  is 
less  than  35  w,  (not  including  crt) 
and  provisions  are  included  to  blank 
the  crt  during  flyback  time.  Figure 
1  shows  a  block  diagram  of  the 
sweep  system. 

The  circuit  shown  in  Fig.  2  makes 
use  of  emitter-follower  Q,  between 
triggered  transistor  Q,  and  the 
width-controlling  R-C  network  to 
assure  a  fast  rise  and  fall  time. 

Sweep  Generator 

The  .sweep  generator  shown  in 
F'ig.  3  generates  a  voltage  that  ri.ses 
at  a  constant  rate  during  the  off 
time  of  the  monostable  multi¬ 
vibrator,  and  is  held  at  zero  voltage 
during  the  on  time.  A  portion  of 
the  output  voltage  of  this  circuit 
is  fed  back  through  R,  to  the  center 
tap  of  two-section  integrating  ca¬ 
pacitor  C„  to  permit  control  of  the 
sweep  voltage  linearity.  The  out¬ 
put  of  this  circuit  is  coupled  to  the 
sw'eep  amplifier  by  two  cascaded 
emitter-followers  Q,  and  Q,  to 
match  the  impedances  of  the  two 
circuits. 

The  resolver  is  driven  by  power 
transistor  Q„.  As  power  transistors 
have  a  large  and  are  subject  to 
thermal  runaway,  silicon  transistor 
Q,o  is  used  as  a  directly  connected 
emitter-follower  to  drive  transistor 
(?„.  The  amplified  /„  of  silicon 
transistor  Q,„  is  comparable  to  the 
of  transistor  Q„.  When  they  are 
connected  in  this  configuration,  the 


FIG.  1— Triggar  pulse  initiates  the  sweep. 
Resolver  is  driven  by  antenna  rotation  to 
generate  rotating  ppi  sweep.  Crt  is 
blanked  during  flyback  time 

of  Q„  is  cancelled,  thus  prevent¬ 
ing  thermal  runaway  at  normal 
temperatures. 

Yoke  Driver 

In  a  high  duty  factor  ppi  sweep, 
the  spot  starts  at  the  center  of  the 
ppi  screen  and  moves  radially  out¬ 
ward  to  the  edg  of  the  screen,  then 
rapidly  flies  back.  For  accurate 
range  measurements  this  sweep 
must  always  start  from  the  exact 
center  of  the  ppi  screen.  It  is  neces¬ 
sary  for  the  sweep  current  to 
change  from  a  fixed  reference  value, 
and  return  rapidly  to  this  reference 
value  at  the  end  of  the  sweep.  This 
condition  requires  a  yoke  with  a 


fast  recovery  time  and  an  efficient 
clamp  circuit. 

The  recovery  time  of  a  yoke  is  the 
time  required  for  the  voltage  in¬ 
duced  by  the  rapidly  changing  yoke 
current  during  the  beam  fly-back 
time  to  collapse  to  zero. 

The  requirements  for  an  efficient 
clamping  circuit  are  a  short  time 
constant  charging  source  and  a 
long  time  constant  discharging  cir¬ 
cuit.  The  short  time  constant  charg¬ 
ing  source  is  obtained  by  push-pull 
emitter-followers  Q„  and  Q„  of  Fig. 
4  connected  between  the  resolver 
secondary  circuits  and  the  push-pull 
clamping  circuit.  The  long  time 
constant  discharging  circuit  con¬ 
sists  of  a  high  resistance  voltage 
dividing  network. 

To  present  a  high  impedance  load 
to  the  voltage  dividing  network, 
two-stage,  common  collector  d-c  am¬ 
plifier  Q„  and  Q„  drives  the  push- 
pull  pow’er  amplifiers  and  Q..  to 
furnish  the  sweep  current  to  the 
deflection  yoke.  To  prevent  thermal 
run-away  of  the  power  amplifiers, 
transistors  Q„  and  Q,r.,  which  fol¬ 
low  the  clamping  circuit  voltage 
divider,  are  silicon  npn  units. 

The  other  winding  of  the  deflec- 


FIG.  2— Monosloble  multivibrator  converts  timing  signal  to  narrow  pulse  of  accurately 
controlled  width 
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Circuits  Using  Low  Power 


FIG.  3— The  sweep  generator  accepts  the  pulse  from  the  monostable  FIG.  5— Gated  clamp  uses  the  monostable  multivibrator  signal  to 
multivibrator  ond  generates  the  signal  for  the  sweep  resolver  generate  reference  level  for  the  yoke  driver 


tion  yoke  is  driven  by  a  similar  cir¬ 
cuit,  excited  by  the  sweep  voltage 
from  the  other  secondary  winding 
of  the  resolver. 

Gated  Clamp 

The  voltage  applied  to  a  ppi  de¬ 
flection  yoke  driver  circuit  is  a 
function  of  sin  ff,  or  cos  0,  where  0 
varies  from  0  to  180  deg.  A  single 
polarity  clamp  cannot  be  used  so 
it  is  necessary  to  clamp  both  polari¬ 
ties  during  the  clamping  period  and 
remove  the  clamp  during  the  sweep 
period. 

The  gated  clamp  circuit  is  used 


to  clamp  the  sweep  signal  voltage 
to  a  reference  voltage  during  the 
clamping  time  at  the  end  of  the 
sweep,  and  to  remove  the  clamp 
during  the  sweep. 

The  clamp  circuit  uses  a  pair  of 
diodes  D,-Dt  and  D^-D,,  connected 
in  opposite  polarity  to  each  signal 
line.  During  the  sweep  time  these 
diodes  are  reverse  biased  by  a  pair 
of  transistors  Qa  and  Q,,  of  Fig.  5, 
and  they  cannot  conduct.  During 
the  clamping  period,  transistors 
Qjm  and  Qj,  are  driven  into  satura¬ 
tion  by  the  control  gate  from  the 
monostable  multivibrator.  This  re¬ 


FIG.  6— Blanking  amplifiar  blanks  th«  crt 
during  flyback  tim« 


moves  the  reverse  bias  from  the 
clamping  diodes,  clamping  the  sig¬ 
nal  to  the  reference  voltage. 

Blanking  Amplifier 

The  blanking  amplifler  shown  in 
Fig.  6  amplifles  the  blanking  pulse 
from  the  monostable  multivibrator 
to  the  level  required  to  blank  the 
crt  screen  during  fly-back  time. 
This  circuit  u.ses  high-voltage  tran¬ 
sistor  Q*.  The  emitter  is  connected 
to  —150  v  through  resistance  R,. 
The  collector  is  connected  to  the  crt 
control  grid  through  diode  D..,  and 
to  ground  through  resistance  /2j. 
Transistor  is  normally  noncon¬ 
ducting,  and  is  driven  into  satura¬ 
tion  by  the  blanking  pulse  thus  ap¬ 
plying  a  high  negative  voltage  to 
the  crt  control  grid  and  cutting  off 
the  beam. 


FIG.  4— Yoke  driver  accepts  sine  or  cosine  output  of  sweep  resolver  and  clamps  to  reference 
level  from  gated  clamp.  Resolver  signal  drives  deflection  yoke 
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Chacking  output  of  ono  flip-flop  stag*.  Mointononco  of  multiplexor 
it  eotad  by  uto  of  plug-in  units 


FIG.  I— Multiplexer  uses  30  identical  flip-flops  and  gates  to  sample 
data.  Channel  selector  switch  con  be  set  for  two  to  20  inputs 


High-Speed  Multiplexing 


Multiplexing  on  a  time-shar¬ 
ing  basis  in  the  measure¬ 
ment  of  electrical  and  physical 
phenomena  has  become  increas¬ 
ingly  important  in  recent  years. 
Applications  have  been  found  for 
this  method  of  .sampling  in  telem¬ 
etry,  medical  electronics  and  data 
proce.ssing.  Multiplexing  increa.ses 
the  number  of  items  which  can  be 
sampled  by  a  given  system  and  per¬ 
mits  virtually  simultaneous  meas- 
uretnent  of  a  number  of  phenomena 
if  the  multiplexer  samples  at  a 
high  rate. 

The  limited  sampling  speed  and 
short  life  of  a  mechanical-switch 
type  of  multiplexer  make  it  highly 
un.satisfactory  for  use  with  data 
computers  and  other  high-speed 
data-handling  devices.  The  block 
diagram  of  an  electronic  multi¬ 
plexer  used  in  place  of  a  mechani¬ 
cal  multiplexer  in  high-speed  and 
long-life  applications  is  shown  in 
Fig.  1. 

Multiplexer 

Essentially,  the  multiplexer  is  a 
variable  speed  multichannel  eh 
tronic  switch  connected  in  a  closed- 
ring  configuration.  It  con.si.sts  of 
20  semiconductor  diode  gHtes,  each 
of  which  is  controlled  by  a  vacuum 
tube  flip-flop.  Only  one  gate  is  able 
to  pass  a  signal  at  a  given  time.  The 
open  condition  propagates  from 
gate  to  gatb  sequentially  around 
the  ring,  in  step  with  externally  ap¬ 


plied  trigger  pulses. 

At  a  50-kc  trigger  rate,  the  multi¬ 
plexer  will  accommodate  signal  in¬ 
puts  to  the  gates  within  the  range 
of  —15  V  to  -1-15  V.  As  the  trigger 
rate  decreases,  the  maximum  al¬ 
lowable  signal  amplitude  increases 
until  at  17  kc  the  amplitude  can 
be  ±45  V. 

A  front-panel  control  is  provided 
so  that  the  ring  may  be  closed 
through  any  number  of  channels 
from  two  through  20.  All  the  gates 
are  connected  to  a  common  output 
which  feeds  into  a  stabilized  d-c 
amplifier.  The  amplifier  i.solates  the 
gates  from  the  output  load  and  pro¬ 
vides  additional  output  power. 

Trigger  Generator 

The  trigger  generator,  V„  and 
Vb.4,  shown  in  Fig.  2  consists  of  a 
voltage  comparator  followed  by  an 
amplifier-inverter.  This  circuit  ac¬ 
commodates  a  wide  range  of  input 
wave  shapes  and  repetition  rates 
and  delivers  an  output  pulse  of  al¬ 
most  constant  amplitude  and  width. 

In  response  to  a  positive  trigger, 
the  voltage  comparator  produces  a 
positive  pulse  due  to  the  sudden  in¬ 
terruption  of  current  through  L,. 
Negative  overshoot  is  not  impor¬ 
tant,  but  positive  overshoot  would 
have  the  same  effect  as  false  trig¬ 
ger  pulses.  For  this  reason  D,  is 
used  to  inhibit  ringing.  Resistor  R, 
is  placed  in  series  with  D,  to  lower 
the  loop  time  constant,  L/R,  to  al¬ 


low  the  circuit  time  to  recover  be¬ 
tween  trigger  pulses  at  the  higher 
triggering  rates.  Resistor  R,  is 
made  as  large  as  possible  to  speed 
recovery,  but  not  so  large  that  the 
effectiveness  of  D,  is  compromised 
in  preventing  ringing. 

Next,  the  pulse  is  passed  through 
the  amplifier-inverter  stage,  Vat¬ 
in  its  quiescent  state  this  stage  is 
bia.sed  beyond  cutoff.  The  positive 
pulse  from  the  plate  of  V»,»  brings 
the  amplifier-inverter  out  of  cutoff 
and  produces  a  negative  pulse  at 
the  plate  of  T*,*.  The  amplifier-in¬ 
verter  is  actually  driven  to  satura¬ 
tion.  This  action,  combined  with 
the  fact  that  the  stage  is  cut  off  be- 
tw’een  pulses,  produces  a  pulse  more 
rectangular  than  the  one  at  the 
plate  of  T-ib.  These  pulses  are  ap¬ 
plied  to  the  grid  of  the  switch  tube 
Fs8„  to  initiate  the  stepping  action 
of  the  flip-flop  ring. 

Flip-Flop  Ring 

The  ring  consists  of  20  identical 
flip-flops  w'hich  operate  in  a  conven¬ 
tional  sequential  fashion  and  con¬ 
trol  the  passage  of  signals  through 
20  gates.  Only  one  flip-flop  can  be 
in  a  set  condition  at  a  given  time; 
the  rest  must  be  in  a  reset  condi¬ 
tion. 

The  set  condition  is  that  condi¬ 
tion  which  exists  when  the  A  side  of 
a  flip-flop  is  conducting  and  the  B 
side  is  cut  off.  A  flip-flop  is  con- 
sTdered  reset  if  the  A  side  is  cut  off 
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This  twenty-channel  electronic  switch  samples  from  2  to  20  voltage  sources  at 
a  rate  as  high  as  50,000  cps.  A  flip-flop  ring  actuates  diode  gates  in  step  with 
trigger  pulses.  Output  data  can  be  used  to  feed  data-processing  equipment 
and  to  drive  recording  instruments 


By  KENNETH  L.  BERNS  and  BRUCE  E.  BISHOP, 

Instrumentation  Division,  U.  S.  Naval  Ordnaace  Laboratory,  Corona,  California 


With  Closed-Ring  Counters 


and  the  B  side  is  conducting. 

The  levels  of  the  flip-flop  supply 
voltages  are  -|-65  v  and  —160  v. 
These  levels  are  chosen  so  that  ex¬ 
cursion  of  the  flip-flop  plates  is  ap¬ 
proximately  symmetrical  around 


ground.  Direct  coupling  between 
the  gates  and  the  flip-flop  plates 
makes  it  possible  to  hold  a  given 
gate  in  either  an  open  or  a  closed 
state  for  an  indefinite  time. 

Assume  that  the  flip-flop  ring  is 


in  a  stable  state  only  w’hen  any  one 
flip-flop  is  set  and  all  the  others  are 
reset.  The  cathodes  of  the  A  side 
of  all  flip-flops  are  connected  in 
common  to  a  single  22,000-ohm  re¬ 
sistor  R,.  The  other  end  of  R,  is 
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FIG.  1 —Multiplex  er  uses  20  identical  flip-flops  and  gates  to  sample 
data.  Channel  selector  twitch  con  be  set  for  two  to  20  inputs 


High-Speed  Multiplexing 


Multiplexing  on  a  time-shar¬ 
ing  basis  in  the  measure¬ 
ment  of  electrical  and  physical 
phenomena  has  become  increas¬ 
ingly  important  in  recent  years. 
Applications  have  been  found  for 
this  method  of  sampling  in  telem¬ 
etry,  medical  electronics  and  data 
processing.  Multiplexing  increases 
the  number  of  items  which  can  be 
sampled  by  a  given  system  and  per¬ 
mits  virtually  simultaneous  mea.s- 
uretnent  of  a  number  of  phenomena 
if  the  multiplexer  samples  at  a 
high  rate. 

The  limited  sampling  speed  and 
short  life  of  a  mechanical-switch 
type  of  multiplexer  make  it  highly 
unsatisfactory  for  use  with  data 
computers  and  other  high-.speed 
data-handling  devices.’  The  block 
diagram  of  an  electronic  multi¬ 
plexer  used  in  place  of  a  mechani¬ 
cal  multiplexer  in  high-speed  and 
long-life  applications  is  shown  in 
Fig.  1. 

Multiplexer 

Essentially,  the  multiplexer  is  a 
variable  speed  multichannel  eh 
tronic  switch  connected  in  a  closed- 
ring  configuration.  It  consists  of 
20  semiconductor  diode  g^tes,  each 
of  which  is  controlled  by  a  vacuum 
tube  flip-flop.  Only  one  gate  is  able 
to  pass  a  signal  at  a  given  time.  The 
open  condition  propagates  from 
gate  to  gatb  sequentially  around 
the  ring,  in  step  with  externally  ap¬ 


plied  trigger  pulses. 

At  a  50-kc  trigger  rate,  the  multi¬ 
plexer  will  accommodate  signal  in¬ 
puts  to  the  gates  within  the  range 
of  —15  V  to  -t-15  V.  As  the  trigger 
rate  decreases,  the  maximum  al¬ 
lowable  signal  amplitude  increases 
until  at  17  kc  the  amplitude  can 
be  ±45  V. 

A  front-panel  control  is  provided 
so  that  the  ring  may  be  closed 
through  any  number  of  channels 
from  two  through  20.  All  the  gates 
are  connected  to  a  common  output 
which  feeds  into  a  stabilized  d-c 
amplifier.  The  amplifier  isolates  the 
gates  from  the  output  load  and  pro¬ 
vides  additional  output  power. 

Trigger  Generator 

The  trigger  generator,  V„  and 
Va.„  shown  in  Fig.  2  consists  of  a 
voltage  comparator  followed  by  an 
amplifier-inverter.  This  circuit  ac¬ 
commodates  a  wide  range  of  input 
wave  shapes  and  repetition  rates 
and  delivers  an  output  pulse  of  al¬ 
most  constant  amplitude  and  width. 

In  re.sponse  to  a  positive  trigger, 
the  voltage  comparator  produces  a 
positive  pulse  due  to  the  sudden  in¬ 
terruption  of  current  through  L,. 
Negative  overshoot  is  not  impor¬ 
tant,  but  positive  overshoot  would 
have  the  same  effect  as  false  trig¬ 
ger  pulses.  For  this  reason  D,  is 
u.sed  to  inhibit  ringing.  Resistor  /?, 
is  placed  in  series  with  D,  to  lower 
the  loop  time  constant,  L/R,  to  al¬ 


low  the  circuit  time  to  recover  be¬ 
tween  trigger  pulses  at  the  higher 
triggering  rates.  Resistor  /2,  is 
made  as  large  as  possible  to  speed 
recovery,  but  not  so  large  that  the 
effectiveness  of  D,  is  compromised 
in  preventing  ringing. 

Next,  the  pulse  is  passed  through 
the  amplifier-inverter  stage.  Fa,.,. 
In  its  quie.scent  state  this  stage  is 
biased  beyond  cutoff.  The  positive 
pulse  from  the  plate  of  Fj,*  brings 
the  amplifier-inverter  out  of  cutoff 
and  produces  a  negative  pulse  at 
the  plate  of  F-,,.  The  amplifier-in¬ 
verter  is  actually  driven  to  satura¬ 
tion.  This  action,  combined  with 
the  fact  that  the  stage  is  cut  off  be¬ 
tween  pulses,  produces  a  pulse  more 
rectangular  than  the  one  at  the 
plate  of  Fa,«,  These  pulses  are  ap¬ 
plied  to  the  grid  of  the  switch  tube 
F*,*  to  initiate  the  stepping  action 
of  the  flip-flop  ring. 

Flip-Flop  Ring 

The  ring  consists  of  20  identical 
flip-flops  which  operate  in  a  conven¬ 
tional  sequential  fashion  and  con¬ 
trol  the  passage  of  signals  through 
20  gates.  Only  one  flip-flop  can  be 
in  a  set  condition  at  a  given  time; 
the  rest  must  be  in  a  reset  condi¬ 
tion. 

The  set  condition  is  that  condi¬ 
tion  which  exists  when  the  A  side  of 
a  flip-flop  is  conducting  and  the  B 
side  is  cut  off.  A  flip-flop  is  con- 
sTdered  reset  if  the  A  side  is  cut  off 
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This  twenty-channel  electronic  switch  samples  from  2  to  20  voltage  sources  at 
a  rate  as  high  as  50,000  cps.  A  flip-flop  ring  actuates  diode  gates  in  step  with 
trigger  pulses.  Output  data  can  be  used  to  feed  data-processing  equipment 
and  to  drive  recording  instruments 


By  KENNETH  L.  BERNS  and  BRUCE  E.  BISHOP, 

Instrumentation  Division,  U.  S.  Naval  Ordnaace  Laboratory,  Corona,  California 


With  Closed-Ring  Counters 


and  the  B  side  is  conducting. 

The  levels  of  the  flip-flop  supply 
voltages  are  -|-65  v  and  —160  v. 
These  levels  are  chosen  so  that  ex¬ 
cursion  of  the  flip-flop  plates  is  ap¬ 
proximately  symmetrical  around 

CHANNEL  SYNC  OUTPUT 


ground.  Direct  coupling  between 
the  gates  and  the  flip-flop  plates 
makes  it  possible  to  hold  a  given 
gate  in  either  an  open  or  a  closed 
state  for  an  indefinite  time. 

Assume  that  the  flip-flop  ring  is 


in  a  stable  state  only  when  any  one 
flip-flop  is  set  and  all  the  others  are 
reset.  The  cathodes  of  the  A  side 
of  all  flip-flops  are  connected  in 
common  to  a  single  22,000-ohm  re¬ 
sistor  R..  The  other  end  of  is 
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FIG.  2— Outputs  of  gates  differ  by  less  than  50  millivoitt  for  same  input  signal.  Multiplexer  uses  trigger  amplitudes  up  to  100  v  and  trigger 
widths  up  to  half  of  the  trigger  rate  period 
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connected  to  the  plate  of  the  switch 
tube,  the  cathode  of  which  is 
connectecl  to  ^160  v.  When  not 
being  pulsed,  the  switch  tube  is 
conducting  heavily  and  there  is  only 
a  small  potential  difference  between 
its  plate  and  cathode.  Thus  R,  is 
essentially  connected  between  the 
common  cathode  line  and  —160  v. 

The  fi-side  cathodes  are  also  con¬ 
nected  to  a  common  line,  but  each 
stage  has  an  individual  22,000-ohm 
resistor  between  its  cathode  and 
—  160  V.  The  effective  resistance  be¬ 
tween  these  cathodes  and  —160  v 
is  equal  to  the  parallel  combination 
of  the  20  cathode  resistors,  or  about 
1,100  ohms.  If  the  ring  is  in  a  stable 
state,  at  any  given  time  only  one 
flip-flop  will  be  conducting  on  the 
A  side,  and  the  19  others  will  be 
conducting  on  the  B  side.  The  total 
current  on  the  B  side  will  be  19 
times  the  current  of  any  one  stage, 
but  the  total  resistance  in  the  B 
cathodes  will  be  one-twentieth  of 
the  value  of  a  single  resistor. 
Therefore,  the  cathode  voltage  of 
the  B  sides  will  be  almost  the  .same 
as  the  cathode  voltage  of  the  A 
sides. 

Not  more  than  one  of  the  A  sides 
can  conduct  at  a  given  time  since 
the  added  current  would  rai.se  the 
cathode  voltage  of  the  A  sides  and 
result  in  an  un.stable  condition.  A 
flip-flop  can  exist  only  in  one  of  two 
stable  states ;  it  cannot  be  partly  on 
or  partly  off. 

Ring-Sfepping  Action 

The  .set  condition  is  propagated 
from  one  flip-flop  to  another  around 
the  ring  in  the  following  manner. 
Assume  that  V,  is  .set  and  all  the 
other  flip-flops  are  reset.  A  nega¬ 
tive  pulse  on  the  grid  of  the  switch 
tube.  Fa*,  will  momentarily  inter¬ 
rupt  the  current  in  this  tube,  there¬ 
by  interrupting  the  current 
through  the  A  side  of  V,.  This  cur¬ 
rent  interruption  causes  the  plate 
of  V,A  to  go  positive,  and  through 
normal  flip-flop  action  the  plate  of 
V’,«  goes  negative.  The  waveform 
at  the  plate  of  F,»,  is  coupled 
through  Dt  and  C,  to  the  plate  of  F,., 
and,  at  the  .same  time,  differentiated 
by  the  plate  resistors  of  F^*  and  C,. 
The  differentiated  waveform  is  then 
passed  through  C,  to  the  grid  of 
F,«.  This  initiates  the  flip-flop  ac¬ 
tion  which  ends  with  Fj^  in  a  con¬ 


ducting  state  and  F,„  nonconduct¬ 
ing.  The  set  condition,  therefore, 
has  been  transferred  from  F,  to  F,. 
In  this  manner  the  output  of  one 
flip-flop  triggers  the  next  in  line 
until  the  set  condition  has  been 
propagated  completely  around  the 
closed  ring. 

The  ring  can  be  closed  through 
any  number  of  channels  from  two  to 
20,  depending  on  the  position  of  the 
two-pole,  20-position  switch.  Switch 
lA  is  connected  so  that  the  B  side 
of  any  flip-flop  from  F,  through  F„ 
can  be  selected  and  the  interstage 
trigger  routed  from  that  point  back 
to  the  A  side  of  F,  to  complete  the 
closed  ring.  To  complete  the  ring 
of  20,  the  switch  is  moved  to  a  blank 
position  and  the  interstage  trigger 
is  returned  through  the  permanent 
coupling,  C,  and  D,,  connected  be¬ 
tween  stage  20  and  stage  1. 

Inhibiting  Capacitor 

When  fewer  than  20  flip-flops  are 
included  in  the  closed  ring,  the  in¬ 
hibiting  capacitor  C,  ensures  that 
flip-flops  outside  the  ring  will  not  be 
triggered.  Consider  the  case  where 
the  ring  is  closed  at  stage  18.  Even 
though  an  interstage  trigger  is 
transferred  from  stage  18  to  both 
stage  1  and  stage  19  simultane- 
ou.sly,  only  stage  1  will  be  triggered 
to  the  set  condition  because  C,  pre¬ 
vents  the  plate  of  F„«  from  moving 
fa.st  enough  to  complete  the  normal 
flip-flop  action.  Without  C„  action 
of  the  ring  would  be  erratic  and 
unpredictable. 

Stage  20  is  permanently  coupled 
to  stage  1  to  make  certain  the  in- 
ter.stage  trigger  is  captured  within 
the  closed  loop.  Assume  that  stage 
20  is  coupled  to  stage  1  through  the 
switch  and  that  the  ring  is  closed 
to  include  only  the  first  10  .stages. 
Also  a.ssume  that  when  the  multi¬ 
plexer  is  first  turned  on,  stage  11  is 
the  first  to  fall  into  the  set  condi¬ 
tion.  Now’,  as  the  multiplexer  is 
triggered,  the  set  condition  propa¬ 
gates  down  the  ring  to  stage  20. 
Obviously,  the  interstage  trigger 
cannot  return  to  stage  1  through 
the  switch  since  the  sw’itch  is  con¬ 
nected  to  stage  10.  Therefore,  un¬ 
less  coupling  from  stage  20  to  .stage 
1  is  provided  through  another  inter¬ 
stage  capacitor  and  diode,  it  is  un¬ 
certain  which  of  the  flip-flops  would 
assume  the  set  condition  after  20. 


With  permanent  coupling  pro¬ 
vided  between  stage  20  and  stage  1, 
the  interstage  trigger  will  always 
be  captured  inside  the  closed  ring 
regardless  of  which  stage  assumes 
the  set  condition  when  the  multi¬ 
plexer  is  initially  turned  on. 

Gates 

When  the  flip-flop  is  set,  the 
switch  diodes  D,  and  D,  connected 
between  the  flip-flop  and  the  4-diode 
gate  are  biased  in  a  nonconducting 
state  w’hich  isolates  the  gate  from 
the  flip-flop.  At  the  same  time,  volt¬ 
ages  applied  through  R,  and  R,  bias 
the  four  gate  diodes  in  the  conduct¬ 
ing  direction,  resulting  in  a  low 
impedance  path  from  input  ter¬ 
minal  to  output  terminal,  opening 
the  gate.  With  the  flip-flop  reset, 
the  switch  diodes  are  biased  in  their 
forward  direction  allowing  applica¬ 
tion  of  the  plate  voltages  to  the  gate 
diodes.  The  gate  diodes  are  now 
biased  in  their  reverse  direction, 
forming  a  high-impedance  path 
from  input  to  output,  closing  the 
gate. 

The  gate  output  exhibits  some  at¬ 
tenuation  and  zero  offset  (the  volt¬ 
age  appearing  at  the  output  ter¬ 
minal  with  the  input  at  ground 
potential).  These  effects  are  kept 
small  by  attention  to  certain  design 
considerations.  If  the  values  of 
R:,  and  R,  are  high  compared  with 
the  forward  resistance  of  the  bridge 
diodes,  it  can  be  shown  that  a  sig¬ 
nal  applied  to  the  gate  input  ter¬ 
minal  will  be  attenuated  by  the  fac¬ 
tor  R,./(R  -!-  Rl).  Resi.stance  R,. 
is  the  load  resistance  and  R  is  the 
forw’ard  resistance  of  one  diode  in 
the  bridge.  To  keep  attenuation 
low,  high-conductance  diodes  oper¬ 
ating  above  the  knee  of  the  forward 
conductance  characteristic  are  u.sed 
and  load  resistance  is  kept  high. 

Zero  offset  can  be  explained  by 
visualizing  each  of  the  diodes  in 
the  conducting  bridge  as  a  small 
battery  and  resistor  in  series.  The 
battery  represents  the  forward 
voltage  drop  and  the  resistor  rep¬ 
resents  the  forward  resistance  of 
the  diode.  Clearly,  zero  offset  will 
be  present  at  the  output  terminal 
unless  the  circuit  elements  and  the 
supply  voltages  are  balanced.  In 
actual  operation,  the  zero  offset  is 
not  excessive  if  reasonable  care  is 
taken  in  selecting  components. 
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Fast  Switching  for 
Industrial  Control 

Solid-state  controlled  rectifiers,  saturable  reactors,  magnetic  amplifiers* 
thyratrons  and  ignitrons— here  is  a  summary  of  how  they  are  used  for  fast, 
automatic,  variable  control  of  a-c  power 

By  ARTHUR  GUTTERMAN,  President,  Fairfield  Engineering;  Corp.,  Springdale,  Conn. 


Solid-state  controlled  rectifiers  are  the  latest  ad¬ 
dition  to  devices  generally  available  for  high¬ 
speed,  variable  control  of  60  to  400-cps  a-c  power. 
Their  operation  is  similar  to  that  of  the  other  devices 
described  in  Table  I. 

All  five  devices  are  off  during  part  of  the  a-c  cycle, 
turn  the  line  on  to  the  load  during  the  half-cycle 
and  turn  off  when  line  polarity  changes  so  current 
flows  in  one  direction.  Each  output  waveform  shows 
a  vertical  rise  when  fired.  On  time  is  controlled  by 
selection  of  the  firing  point  in  the  half  cycle. 

Two  switches  connected  back-to-back  provide  full 
w'ave  a-c.  In  a  bridge  or  center-tapped  transformer, 
they  supply  full  wave,  pulsating  d-c  across  the  load. 
The  d-c  can  be  filtered  to  desired  smoothness. 

The  controlled  rectifier’s  forward  firing  point  is 
determined  by  a  d-c  control  signal  in  the  gate.  With¬ 
out  a  signal,  it  will  not  fire  and  represents  an  open 
circuit.  When  the  gate  current  exceeds  a  minimum, 
the  rectifier  fires  and  conducts  for  the  balance  of  that 
half  cycle.  Power  is  controlled  by  varying  the  trig¬ 
gering  point  during  the  half-cycle. 


Controlled  rectifiers  and  thyratrons  use  an  auxil¬ 
iary  device  to  generate  the  firing  pulse.  Thyratrons, 
in  turn,  can  be  used  to  fire  ignitrons.  Firing  point  of 
magnetic  amplifiers  and  saturable  reactors  is  set  by 
amount  of  current  through  the  control  winding. 

Control  signals  can  be  a-c  or  d-c  voltages  or  cur¬ 
rents,  a-c  .and  d-c  combined,  or  multiple  inputs  of  a-c, 
d-c,  or  a-c  and  d-c  combined.  Magnetic  amplifiers  will 
accept  all  of  these.  Saturable  reactors  accept  all 
but  a-c,  unless  a-c  is  rectified. 

Controlled  rectifiers  and  thyratrons  need  a  pre¬ 
cisely-timed  trigger  or  phase  shifting  device.  Mag¬ 
netic  amplifiers  are  well-suited  for  this  triggering 
since  they  supply  a  steep  vertical  wavefront.  The 
amplifier  can  pass  on,  sum  up  or  average  one  or  more 
inputs  from  transducers,  synchros  and  other  devices. 
A  magnetic  amplifier  between  the  anode  and  the  gate 
of  a  controlled  rectifier  prevents  gate  current  or  volt¬ 
age  from  exceeding  safe  values.  All  that  is  needed  is 
a  coil  in  .series  with  a  rectifier.  Another  compact 
arrangement  uses  an  isolating  transformer  and  a 
limiting  device,  providing  faster  response. 


Table  I— General  Characteristics  of  High-Speed  Power  Control  Devices 
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Network  Transformations 
For  Wave  Filter  Design 


Tedious  network  calculations  are  simplified  by  useful  charts  which  enable  circuit 
designers  to  change  configuration  of  two-terminal  networks  but  retain  im¬ 
pedance  characteristic,  and  also  to  alter  the  element  values  without  chang¬ 
ing  the  configuration  or  impedance  characteristics 

By  ANATOL  ZVEREV,  and  HERMAN  BLINCHIKOFF, 

KleotmnioH  Division,  Carrier  Mlerowave  Department, 

Westinghouse  Electric  Corp.,  Baltimore,  Md. 


IN  THE  DESIGN  of  electric  wave 
filters,  phase-splittinjr  networks, 
transformers,  preemphasis  and  de¬ 
emphasis  networks,  series  and 
parallel  combinations  of  inductors 
and  capacitors  are  used  to  obtain 
desirable  performance.  These  com¬ 
binations,  commonly  referred  to  as 
dipoles,  may  contain  from  2  to  6 
elements  depending  on  the  complex¬ 
ity  of  the  network  required. 

It  is  often  necessary  for  the  cir¬ 
cuit  designer  to  change  the  con¬ 
figuration  of  the  network  employed 
during  development.  Sometimes  a 
change  is  nece.ssary  to  minimize  the 
high  voltages  which  appear  across 


the  elements  of  a  series  circuit  at 
resonance.  Some  dipoles  possess 
better  properties  for  envelope 
transmission.  These  do  not  intro¬ 
duce  much  nonlinear  distortion  and 
are  therefore  more  suitable  for 
electric  wave  filters  and  amplitude 
correcting  networks. 

Changing  Configuration 

The  circuit  designer  is  often  re¬ 
quired  to  change  the  element  values 
of  a  network  while  preserving  the 
configuration  and  the  impedance 
characteristic.  On  the  other  hand, 
he  may  wish  to  change  the  configu¬ 
ration  while  retaining  the  imped- 


SYMBOL  KEY 

The  equations  describing  the  element  values  of  some  of  the  networks 
con  be  clarified  by  the  use  of  more  simplified  notations.  This  has  been 
done  in  the  charts  by  substitution  of  symbols  for  some  of  the  more 
complicated  relationships.  These  symbols  represent  the  following 
expressions. 


(I)  The  ciM'fficK'nts  A,  It,  1),  and  E  represent  various  combinations  of 
I.  and  ('.  They  can  hr-  detr  rmined  from  the  applicable  equations  on 
th«‘  chart. 


(2) 


(3) 

(4) 


W  -  A  {A  -  l‘^)  /r(Al)  -  EE) 
Y  -  (.1/;  -  /'£),  (d  -  /*») 

It  -I-  -  4.4 

2 


.Y  =  (.4  -  l»)/(E  -  PD) 

Z  =  PiE  -  PD)/{A  -  I^^) 


where  P 


Q  “  EjCi  -b  EiPi  -b  l-if  *  "b  Vf/.jf’i  -b  EiC\  -b  EtCt)^  —  4LiI^iCiCi 
S  =  /.af'i  -b  Ei('s  "b  Et('4  -b  Vf/.jf'i  +  Et(\  -b  E*Ci)^  —  4LJ^4CiCt 


ance  characteristic.  This  may  in¬ 
volve  some  tedious  calculations  or 
experimental  manipulation. 

The  charts  on  the  following 
pages  are  designed  to  minimize  the 
time  and  effort  for  making  such 
network  transformations.  Figures 
1  through  14  show  all  possible 
transformations  involving  three 
and  four  element  networks  which 
use  a  minimum  number  of  coils  and 
capacitors  to  realize  a  particular 
impedance  function.  These  are 
known  as  canonic  networks.  Be¬ 
low  each  figure  are  the  necessary 
equations  for  performing  the  trans¬ 
formation. 

The  next  chart  shows  the  various 
impedance  functions  which  are 
characteristic  of  each  of  the  net¬ 
works.  The  final  chart  lists  the  ap¬ 
plicable  equations  for  calculating 
the  resonant  frequencies  associated 
with  each  network. 

Use  of  the  charts  is  straightfor¬ 
ward,  involving  simple  substitution 
into  the  various  equations.  This 
method,  used  as  a  substitute  for  the 
conventional  methods  of  synthesis 
avoids  the  algebraic  manipulations 
involved  in  expansion  of  partial 
fractions.  The  charts  usually  pro¬ 
vide  more  choices  of  realizable  di¬ 
pole  elements  and  hence  can  be  re¬ 
garded  as  a  useful  tool  in  everyday 
engineering  practice. 


52 


JUNE  26,  1959  •  ELECTRONICS 


STIC  in  Z-CHARACTERISTIC  n  [  Z-CHARACTE 


EQUIVALENT  NETWORKS 


EQUIVALENT  NETWORKS 

^  I  C| 

- 1( - J 

(A)  ‘-2  *^2  (B) 

L|»«(  L2*X  L3«(L,C,-L2C2l*/(L,*L2llC,  +  Cj)* 

C|*Y  C2«Z  L^*L,L2/(l-l  +  t-2)  ^  ^ 

A  •  Lj  L4  C3  C4  Cj'Ci  C2(CitCzHLi*Li)jlLi  C(*L2C2) 

8  •  t3  C3+ L4  C4+ L3  C4  C4*Ci  +  C2 


- 1( - 

(A)  ‘■2  02 

(B)  =  + 

0,»W  02‘X 

I-4'  “-I  '■2 /•-I  +'-3 

0,»Y  02*Z 

03*(0^0|  +  02C2>V'‘-i''’'-2"'-|C|-02C2)* 

*'  '-4*-3C4  C3 

04*  0,02(01  +  02)7  l-^|C|+  o|o2 

0  =  O4O4+O3O3  +  O4C3 
£*  O3O4OJ 

0--  O4  +  O3 

C3*(0|0,  -  O2C2)  /o,  0,  +  O2O2 

L,.  W  L2'X  L3*L|L2(L|C| +L2C2I 

<=2‘Z  (L,C,-l.2C2l* 

A  •  L3L4  C3C4  L4'(L|Cf+f2c|l/(C,+C2l* 

B  *  L  j  C  j  4- L  4  C4*C)  +  C2 

£•0304(13+14!  C3»0|02(0|  +  02l(L|0|-L20zl^ 

0  ’  C4  (L.C?+L,C?1* 


(A)  ''3  (B)  '■5 

Lo'  L2  03/(02+03)  I.2*'-o|'  +  [‘-O<C|+0o)7'-I  Cf]^ 

Oq  ‘  ^3/' +  |l3|(02+  03)j  l■3*'■0  +  ^•l  +  OqI] 

0|»  [c2(02+03)-*+  0  5  03jy(02  +  03)0303  ^  ^  O3  Ci  +  Oq 

0,  .  Cj/l  +  (02/03l[(02  +  03)/0  3p  02»J  -  ' 


Jl-olCi  +  Ool 


Ll  •  •-3[C3/IC3+  ^4)] 

02*04 

Cl  *04(1+04/03) 
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-CHARACTE 


Continued  from  page  53 


EQUIVALENT 

NETWORKS 

"1 

Ul 

L4 

0 

C2 

1-3 

.... 

"I 

I 

C|*  W  C2«  X 

L|*  Y  L2*Z 

A  •  Lj  L4  C3  C4 
M  B  •  C4  L4  +  Cj  Lj+ L4  C3 
E  •  Ls  L4  Cs 
0  •  L4 


^3*  L|L2(L|+L2l(C)  +  C2) 
(L,C,-L2C2)* 
L4-L,  +  L2 

Cj.  (L|C,-L2C2)^ 

(C,  +  C2llL|  +  L2)* 
C4*C|C2^(C|  +  C2) 


Cl«w  C2*X 
L|-Y  L2*Z 
u  I  *'1-jC3L4C4 
isj  B  '  L3  C3+ L4C4+ L3C4 
E  «  Lj  L4  (C3  +  C4I 

0  «  L4 


L4*  L1+L2 


Cj*  C|C2( L| C|  +  L2C2) 
(L.C.-LzCi)* 

C4.(LfC|  +l|c2)/(L|  +  L2)* 


IMPEDANCE  CHARACTERISTICS 


|/l,(C,+  C2) 
|/l2  C3 


1/L2  Ca 

z/q 

z/s 

2/s 


FREQUENCY  EQUATIONS 

2  2 

U2  Uj 

2 

«4 

i/l,c, 

1 

(C3+C4)/l2C3C4 

I/LiC, 

(L,+  L2l/L,  La  C, 

i/(L3+L4)C2 

i/Lj  C2 

(C1+C2I /(L,+  L2lCiC2 

1  /L|  C, 

I/Lj  C3 

Q/2L3L4C3  C4 

|/(Lj+L4)C3 

S/H  L3  L4  C3  C4 

(C3+C4)/ L3CJC4 

s/2  1-3  I-4C3  C4 

l/i-2  C2 

(L|-H2)/L,L2  (C,+  C2)  j 

J/Ll  C| 

z/s 

I/I-4C4 

S/z  L4  O4  L3  C3 

z/s 

(  L3  +  L4)/C3  L3  L4 

S/2L^  0^  L3  Cj 

z/s 

1/13(034-04)  . 

S/2L4O4  L3  O3 
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SPECIFICATIONS 
.100  Pin  Centers 
.018  Pin  Diameter 
,500  Pin  Below  Flangs 
.443  Flange  Diameter 
jji6-32NC  Copper  Stud 
.012  Kovar  Mat'l 


These  new  transistor  bases  supplement  Constantin's  ex¬ 
panding  line  of  semiconductor  base  designs  now  numbering 
well  over  500  configurations. 

By  far  the  largest  existing  selection,  many  of  these 
designs  are  available  on  open  tooling. 


Original  Equipment  Manufacturers: 

Design  and  Packaging  Engineers:  Let  us  help  solve 
your  problems.  The  engineering  facilities,  skills  and  expe¬ 
rience  responsible  for  these  designs  stand  ready  to  help 
you  grow. 


CIRCLE  NO.  55  READER  SERVICE  CARD  55 


SPECIFICATIONS 
.071  Pin  Circle 
.018  Pin  Diameter 
.500  Pin  Below  Flange 
.1 38  Eyelet  Body  Diameter 
.200  Eyelet  Flange  Diameter 
.010  Kovar  MatT 

with  or  without  ground  pin  or  blind  pin 


SPECIFICATIONS 
.100  Pin  Circle 
.01  8  Pin  Diameter 
.500  Pin  Below  Flange 
.166  Eyelet  Body  Diameter 
.210  Eyelet  Flange  Diameter 
,008  Kovar  Mat'l 

with  or  without  ground  pin  or  blind  pin 


NEW  TRANSISTOR 


TYPE  519 


TYPE  520 


TYPE  521 


V 


t 


ELECTRONICS  REFERENCE  SHEET 


Transformerless  Supplies 

Heater  voltage  for  one-  or  two-tube  circuits  can  be  obtained  from  line  supply 
by  placing  capacitor  in  series  with  heater  circuit.  This  technique  eliminates 
much  of  the  power  dissipated  by  series  dropping  resistors 

By  F.  G.  KELLY,  Senior  Electronic  Engineer,  Hallamore  Electronics  Co.,  Anaheim,  Calif. 


Occasionally,  it  is  desirable 
to  avoid  usinif  transformers 
or  dropping  resistors  for  one-  or 
two-tube  circuit  heater  supplies. 
In  such  cases,  a  nonelectrolytic 
type  capacitor  may  be  used  in 
series  with  the  tube  heater,  as 
shown  in  Fig.  1,  to  drop  the  line 
voltage  to  the  required  level. 

The  nomogram  in  Fig.  2  aids 
the  rapid  determination  of  the 
capacitor  size  from  the  equation 
C  =  /»  X  10712  IT /(117  -  £7.)], 
where  C  is  in  /if,  /»  is  heater  cur¬ 
rent  in  amp,  f  is  power  line  fre¬ 
quency  in  cps  and  £-7  is  heater 
voltage. 

Example 

Assume  that  a  12AU7  will  be 
operated  with  the  series-con¬ 
nected  heater  connection  at  12.6  v 
at  150  ma  from  a  60-cps  .source, 
h'rom  60  on  the  f  scale  extend  a 
line  through  the  150  on  the  h 
.scale  to  the  middle  .scale.  From 
this  point  draw  a  line  to  12.6  on 
the  voltage  scale  to  intersect  the 
capacitor  scale  at  3.8  /xf. 

When  the  line  frequency  is  400 
or  60  cps,  as  in  this  ca.se,  the  first 
step  may  be  omitted  and  the 
nomogram  can  be  entered  on  the 
proper  side  of  the  middle  scale  at 
the  pertinent  heater  current. 


FIG.  1— Basic  voltage  dropping  circuit 


SOO  CPS  60  CPS 
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INDIUTION  OF 
VOLTAGE  TOLERANCE 


with  the  NLS  50  Go/No-Go  Voltage  Comparator 


Here’s  a  new  method  for  determining  whether  or  not  an 
input  voltage  is  within  prescribed  limits  .  .  .  and  to  do  so 
quickly,  easily  and  accurately!  Just  set  the  front  panel  dials 
of  the  NLS  50  Voltage  Comparator  to  read  any  two  voltages 
within  the  range  of  ±:  0.001  to  ±  999-9  volts.  Apply  the 
voltage  under  test  and  in  SX)  milliseconds  the  NLS  50  gives 
a  clear  go/no-go  indication  of  voltage  tolerance.  Watch  the 
limit  lamps  on  the  front  panel.  If  the  green  "Between  Limits” 
lamp  lights,  the  appli^  voltage  lies  within  the  pre-set 
limits.  If  either  of  the  red  lamps  light  —  "Upper  Limit”  or 
"Lower  Limit” — the  voltage  under  test  is  too  high  or  too  low. 

With  a  sensitivity  of  0.005%  and  its  limit  settings  precise  to 
±1  0.01%,  the  NLS  50  Voltage  Comparator  outperforms  any 
other  type  of  voltage  limit  detector.  It’s  transistorized,  too 
...  for  reliability  and  ruggedness.  And  it’s  so  compact  .  .  . 
the  only  limit  detector  complete  in  one  package.  Comparison 
amplifier,  limit  setters,  reference  supplies  and  range  multi¬ 
plier  are  all  included  in  the  one  instrument,  a  3V^-in.  high 
unit  that  fits  conveniently  into  a  standard  19-in.  rack. 

In  addition  to  giving  visual  warning  to  the  operator,  the  NLS 
50  gives  go/no-go  commands  to  such  electrical  devices  as 
cut-off  relays,  sorting  chutes,  data  printers,  tape  or  card 


punches,  and  audible  warning  equipment.  Extremely  versa¬ 
tile,  the  instrument  may  be  used  as  a  high-accuracy  voltmeter 
without  modification  and  may  be  adapted  easily  to  detect 
resistance  limits. 

The  broad  applications  of  the  NLS  50  Voltage  Comparator 
include  the  following; 

•  Automatic  checkout  of  missiles  and  electronic  systems. 

•  High-speed,  high-accuracy  warning  systems  involving  any 
parameter  that  can  be  converted  to  voltage  ( speed,  tem¬ 
perature,  liquid  level,  distance,  angle,  acceleration,  mag¬ 
netism,  weight,  pressure,  flow,  light  or  other  radiation 
flux). 

•  Automatic  component  test  equipment  for  testing  resistors, 
relays,  diodes,  transistors,  vacuum  tubes,  batteries,  tachom¬ 
eters,  motors,  speed  regulators  and  slip  rings. 

•  Automatic  process  control,  receiving  inspection,  produc¬ 
tion  quality  control. 

Write  today  for  more  detailed  information  concerning  the 
capabilities,  applications  and  operation  of  the  new  NLS  50 
Go/No-Go  Voltage  Comparator. 

PRICE  *1775®°  COMPLETE  •  F.O.B.  DEL  MAR 


Originators  of  the  Digital  Voltmeter 

non-linear  systems,  inc. 

DEL  MAR  (San  Diego),  CALIFORNIA 


NLS  —  Digital  Instruments  That  Work  .  .  .  And  Work  .  .  .  And  WorkI 
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RESEARCH  AND  DEVELOPMENT 

Wax  Models  Speed  Antenna  Design 

By  WILLIS  E.  JUNKER,  Electronk-s  Engineer,  Convair  Dlv.  of  General  Dynamics  Corp.,  San  Diego,  Calif. 


Dielectric  structure  formed  of  paraffin  permits  fast,  law-<ast  tests  of  radical  antenna  designs 


Designing  broadband  dielectric  an- 
tenna.s  usually  requires  choosing 
physical  parameters  dictated  either 
by  experience  or  standard  data.  The 
narrow  choice  limits  freedom  to  ex¬ 
periment  with  radical  designs. 

While  having  a  valid  engineering 
basis,  radical  designs  in  many  ca.ses 
are  neglected  because  of  fabrication 
co.sts  and  time  required.  When 
standard  design  approach  is  not 
feasible,  materials  such  as  Teflon 
or  polystyrene  are  used  or  a  highly 
involved  mathematical  analysis  is 
programmed,  requiring  expensive 
computer  time. 

Our  antenna  research  group  re¬ 
cently  faced  a  problem  requiring 
rigid  antenna  design  parameters  be¬ 
yond  the  scope  of  standard  ap¬ 
proaches.  A  low-cost,  fast  solution 
w'as  evolved  using  household  paraf¬ 
fin  (wax)  as  the  dielectric  material. 
Ordinary  paraffin  has  a  dielectric 
constant  similar  to  Teflon. 

Paraffin  provided  a  highly  flexible 
medium  that  permitted  minor 
changes  and  eliminated  need  for 
special  orders  for  dielectric  mate¬ 
rials.  The  only  tools  required  are  a 
small  sharp  knife  and  a  metal 
straight  edge.  If  the  actual  process 
of  forming  the  w'ax  structure  is 
controlled  with  reasonable  care, 
there  is  a  high  degree  of  repeat¬ 
ability. 

The  product  was  a  broadband  co¬ 
axial  feed  lens  based  on  a  design 


for  which  a  mathematical  analysis 
would  have  been  time-consuming 
and  costly.  The  first  models  were 
crudely  made,  using  almost  any 
available  form  close  to  the  desired 
shape.  The  model  was  then  either 
shaped  with  a  knife  or  wax  was 
added.  The  models  did  not  give 
symmetrical  patterns,  but  they  did 
provide  keys  to  techniques  of  pat¬ 
tern  synthesis  that  later  permitted 
fabrication  of  efficient  polyrods  and 
lenses. 

In  a  polyrod  or  lens,  homogenity 
of  the  dielectric  is  important.  Air 
bubbles,  impurities  and  fractures 
yield  spurious  results  in  the  radia¬ 
tion  pattern,  generally  character¬ 
ized  by  unbalanced  side  lobes  or  an 
a.symmetrical  main  beam. 

Pattern  Check 

If  the  rod  is  mounted  in  a  circu¬ 
lar  guide,  the  rod  can  be  rotated 
and  the  pattern  checked.  Rotation 
will  either  increa.se  or  decrease  un¬ 
balance  of  the  side  lobes.  Faults 
that  cause  an  asymmetrical  main 
beam  can  be  rotated  out  so  that  a 
perfectly  balanced  main  beam  is  ob¬ 
tained  if  there  is  only  one  fault 
causing  the  asymmetry. 

With  proper  construction,  the 
radiation  pattern  will  be  the  true 
pattern,  which  can  be  checked  by 
rotating  the  rod  to  several  positions 
and  comparing  patterns.  Unbal¬ 
ance  in  the  pattern  can  be  attrib¬ 


uted  to  a  fault  in  the  wax  if  the 
pattern  range  is  free  of  reflections. 

To  eliminate  these  sources  of  er¬ 
ror,  a  specially  constructed  mold 
was  made  from  Hydracal,  a  low 
shrinkage  plaster.  One-quarter  inch 
from  the  inner  surface,  a  nickel 
heating  wire  was  imbedded  in  a 
spiral  fashion  around  the  mold.  By 
concentrating  the  number  of  turns 
in  the  heating  element  at  the  top  of 
the  mold,  temperature  gradient 
from  top  to  bottom  caused  the  lower 
portion  of  the  mold  to  cool  first. 
This  arrangement  allows  all  air  in 
the  liquid  to  escape  instead  of  being 
trapped  below  a  prematurely  solidi¬ 
fied  upper  surface. 

Preheatmg 

The  form  was  preheated  for  an 
hour  before  pouring  the  wax  into 
it.  When  air  bubbles  stopped  com¬ 
ing  to  the  surface,  the  heating  ele¬ 
ment  was  turned  off  and  the  wax 
allowed  to  cool  overnight. 

Silicone  grease,  applied  to  the  in¬ 
ner  walls  of  the  mold  prior  to  the 
preheating,  facilitated  removal  of 
the  form.  The  grease  has  a  melting 
point  much  higher  than  wax,  elimi¬ 
nating  danger  of  the  grease  combin¬ 
ing  with  the  wax  to  form  impurities. 

The  coat  of  grease  must  be  very 
thin  and  even  to  avoid  causing  small 
ridges  in  the  product.  The  usual 
requirement  for  a  one-percent  draft 
in  the  mold  is  eliminated.  The  mold 
can  be  fabricated  in  one  piece  with 
vertical  walls,  eliminating  seam 
lines  and  reducing  cost. 

Improper  cooling  of  the  poured 
wax  can  easily  ruin  the  product. 
For  large  items,  two  methods  of 
cooling  were  found  satisfactory.  In 
one  method,  the  wax  is  cooled  at 
room  temperature  for  a  period  of 
not  less  than  twenty-four  hours. 
The  other,  blowing  precooled  air 
over  the  mold,  is  difficult  and  may 
result  in  fractures  or  distortions 
caused  by  too  rapid  cooling. 

Paraffin  molding  is  impractical 
for  small  vhf  polyrods  or  lenses. 
Even  moderate  handling  cau.ses  de¬ 
formation  and  low  repeatibility. 
For  small  items,  the  cost  of  Teflon 
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Model  SC-32-2.5 


REGULATION 

STABILITY 


Model 
SC-18  2  M 


REGULATION 

STABILITY 


I  DC  DC 
OUTPUT  OUTPUT 
MODEL  VOLTS  I  AMPS. 


REGULATION 

STABILITY 


offers  more  than 
120  standard  voltage 
regulated  power  supplies 
covering  a  wide  range 
of  transistor,  tube 
and  magnetic  types. 

For  complete  specifications, 
write  for  Brochure  B-591 


Model 

PSC-10-2 


131-38  SANFORD  AVENUE  •  FLUSHING  55,  N.Y.  •  INDEPENDENCE  1-7000 


ELECTRONICS 


CIRCLE  NO.  59  READER  SERVICE  CARD  59 


MODEL 

DC  1 

output' 

VOLTS 

oc 

OUTPUT 

AMPS. 

SC-32-0.5 

0-32 

0-0.5 

SC-32-1 

0-32 

0-1 

SC-32-1.5 

032 

0-1.5 

2SC-32-1.5 

0-32 

0-1.5 

DUAL  OUTPUT 

0-32 

,  0-1.5 

SC-32-2.5 

0-32 

0-2.5 

SC-32-5 

032 

0-5 

SC-32-10 

0-32 

0-10 

SC-32-15 

0-32 

0-15 

SC-60-2 

0-60 

0-2 

SC-60-5 

0-60 

0-5 

2SC-1 00-0.2 

0-100 

0-0.2 

DUAL  OUTPUT 

0-100 

0-0.2 

SC-150-1 

0-150 

0-1 

SC-300-1 

0-300 

'  0-1 

COMPACT  PACKAGE  TYPE 

MODEL 

OC 

OUTPUT 

VOLTS 

DC 

OUTPUT 

AMPS. 

PSC-  5-2 

0-  7.5 

r’  2 

PSC-10-2 

7.5-12.5 

2 

PSC-15-2 

12.5-17.5 

2 

PSC-20-2 

17.5-22.5 

2 

PSC-28-1 

22.5-32.5 

1 

PSC-38-1 

32.5-42.5 

1 

is  low  and  its  use  is  recommended. 

The  author  wishes  to  acknowl¬ 
edge  the  assistance  of  G.  Regnier, 


Setup  Measures 
Resistor  Noise 


Method  has  been  developed  by  the 
National  Bureau  of  Standards  to 
evaluate  the  noise  quality  of  fixed 
composition  resistors.  Noise  quality 
of  a  resistor  is  determined  by  meas¬ 
uring  the  increase  in  the  mean 
fluctuation  voltage  at  the  terminals 
of  a  sample  resistor  when  d-c  is 
passed  through  it. 

Two  meters  in  the  test  set,  one 
indicjiting  average  noise  and  one 
applied  d-c,  can  be  read  in  db  for 
readily  computing  an  index  of  noise 
quality  or  conversion  gain. 

All  resistors  exhibit  noise  which 
appears  as  a  fluctuating  voltage  at 
their  terminals.  Spectral  density  of 
their  thermal  noise  depends  only  on 
temperature  and  resistance.  When 
d-c  is  passed  through  a  granular- 
type  resistor,  an  additional  fluctuat¬ 
ing  voltage,  called  current  noise,  ap¬ 
pears  at  the  resistor  terminals. 
Spectral  density  of  current  noise 
depends  on  type  of  resistive  mate¬ 
rial,  fabricating  process  and  struc¬ 
ture,  and  size  and  shape  of  the  re¬ 
sistor.  In  general,  spectral  density 
is  also  a  function  of  frequency.  For 
a  typical  resistor  at  1,000  cps,  cur¬ 
rent  noise  spectral  density  may  be 
1,000  times  thermal  noise  spectral 
density. 

Test  Set 

The  noise  test  set  consists  prin¬ 
cipally  of  modified,  readily  available 
laboratory  measuring  equipment.  A 
shielded  box  holds  the  resistor  un- 
dei-  test.  The  set  accommodates  re¬ 
sistors  over  the  range  of  at  least 
100  ohms  to  20  megohms,  and  pro¬ 
vides  an  adjustable  d-c  power 
source  having  maximum  voltage  of 
about  400  V  with  currents  up  to 
100  ma. 

The  test  set  measures  conversion 
gain,  the  quantity  recommended  for 
evaluating  noise  quality.  Conver¬ 
sion  gain  is  the  ratio  of  available 
current  noise  power  to  applied  d-c 
power  in  db.  It  is  a  measure  of  the 
efficiency  with  which  a  resistor  con¬ 
verts  applied  d-c  power  to  noise — 
the  more  efficient  the  conversion. 


JEN/Hm  VACUUM  RELAYS 
AND  CAPACITORS 

. . .  when  reliability  counts 


Jennings  Vacuum  Relays  and 
Variable  Capacitors  play  an  important 
role  in  the  Air  Force's  Project  Sideband,'' 
aimed  at  constant  radio  contact 
on  intercontinental  missions. 


The  high  standards  of  reliability  and  |)erformance  ^ 

required  by  the  Air  Force  were  more  than  met  by  Sp- 

Collins  Radio  Company's  new  1  KW  SSB  system 

for  “Project  Sideband."  The  airborne  end  of  the 

system,  designated  ARC -58,  includes  an  automatic- 

ally  tuned  antenna  coupler.  Jennings  vacuum  relay, 

RB3,  and  vacuum  variable  capacitor,  USLS  465,  are 
used  in  the  coupler  to  match  the  52  ohm  im|>edance 
of  the  equipment  with  the  antenna.  type  »B3 

Jennings  vacuum  components  were  chosen  for  tra^n^sf« 

their  recognized  ability  to  withstand  high  voltage  in  relay 

limited  space  applications.  The  Tyjie  RB3  vacuum 

transfer  relay  is  designed  to  meet  peak  voltages  of 

a  15  kv  and  rf  currents  to  15  amps  yet  it  is  only  SVi 

inches  long.  The  relay  also  has  an  auxiliary  set  of 
low  voltage  contacts  for  control  purposes  designed  to 
operate  after  and  release  before  the  high  voltage  set. 
The  Type  USLS  465  is  only  5  inches  long  and  will 
withstand  10  kv  at  its  minimum  capacity  of  5  mmfd 
and  5  kv  at  its  maximum  capacity  of  465  mmfd.  Both 
units  will  withstand  lOG  vibration  to  500  cycles,  30G 
shock,  and  .50  hours  salt  spray. 

Send  lor  catalog  litaratura  on  Jannings  complate 
llna  of  vacuum  capacitors  and  relays. 


USl-S-465 

VACUUM 

VARIABLE 

CAPACITOR 
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the  poorer  the  noise  quality. 

The  center  frequency  of  the  pass 
band  used  in  measuring  conversion 
gain  is  1,000  cps.  Since  current 
noise  varies  inversely  with  fre¬ 
quency,  measurement  of  conversion 
gain  would  be  expected  to  vary  in  a 
similar  manner. 


FOR  THE  MOST  ' 
DELICATE  MOVING 
JOBS  IN  THE  WORLD 


Operation 

The  test  set  measures  current 
noise  in  terms  of  rms  voltage  across 
the  resistor.  The  instrumentation 
is  so  arranged  that  the  value  of  the 
conversion  may  be  calculated  from 
attenuator  settings  and  meter  read¬ 
ings.  Where  current  noise  is  small 
compared  to  noise  in  the  measuring 
system,  a  correction  is  introduced. 

Separate  units  of  the  system  are 
connected  with  shielded  cables.  A 
variable  d-c  supply  furnishes  d-c 
loading  power  to  the  teat  resistor 
through  an  isolating  resistor.  This 
resistor,  wire  wound  so  that  it  does 
not  generate  current  noise,  prevents 
low  output  impedance  of  the  d-c 
supply  from  effectively  shorting  the 
terminals  of  the  test  resistor.  D-c 
voltage  applied  to  the  test  resistor 
is  measured  by  an  electrometer  with 
a  specially  calibrated  scale.  Its  ex¬ 
tremely  high  input  impedance  per¬ 
mits  simultaneous  measurement  of 
d-c  voltage  and  noise. 

A  modified  sound  level  meter — es¬ 
sentially  an  a-c  voltmeter — contains 
a  high-gain  amplifier  with  a  narrow 
pass  band  centered  at  1,000  cps.  It 
has  an  output  measuring  circuit 
consisting  of  a  linear  detector,  in¬ 
tegrator  and  meter  for  reading 
mean  detector  current.  A  signal 
generator,  with  associated  volt¬ 
meter  and  attenuator  and  a  dividing 
network  in  the  resistor  holder,  com¬ 
prise  a  calibrating  circuit. 

In  determining  conversion  gain 
of  a  resistor  sample,  the  equipment 
is  first  calibrated.  Noise  present  in 
both  the  resistor  and  measuring  cir¬ 
cuit  is  then  measured  before  apply¬ 
ing  d-c  power  to  the  resistor. 
The  resulting  observation  indicates 
background  or  set  noise.  A  second 
noise  measurement  is  made  while 
d-c  power  is  applied  to  the  resistor. 
This  result  indicates  set  noise  plus 
current  noise.  Current  noise  is  com¬ 
puted  from  the  difference  between 
set  and  total  noise.  When  combined 
with  measured  d-c  power  used,  it 
gives  the  value  of  conversion  gain. 


ELECTRONICS 
MOVING  SERVICE 


To  meet  the  challenge  of  the 
fast-growing  Electronics  industry, 
Bekins  has  invested  heavily 
to  provide  safe,  swift 
transportation  for  delicate, 
costly  electronic  equipment. 

To  guarantee  efficient, 
extra-careful  handling,  Bekins  has 
developed  a  special 
Certified  Electronics  Moving  Service. 


CERTIFIED  TRAINED  MEN 


CERTIFIED  SUPERVISION 


CERTIFIED  ELECTRONICS  VANS 


CERTIFIED  MOVAMATIC  EQUIPMENT 


Since  1891 

VAN  LINES  CO 

Electronics  Moving  Division 
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Data  Buying  Book...  in  elec-  Individually,  or  working  in  com- 
tronics  it’s  the  BUYERS’  bination  with  one  another, 
GUIDE -- fundamental  in  any  influence  the  purchase  of  prod- 
sales  program  aimed  at  the  ucts,  materials  and  services .. . 
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Where  other  materials  fall 
our  work  begins, mm 


Whatever  your  high  temperature  needs— to  1550°F — there  is  a  Mycalex  in* 
sulation  to  meet  them  .  .  .  each  offering  a  unique  combination  of  special  ad¬ 
vantages  for  electronic  design:  the  plus  factors  of  the  inorganics  and  the 
design  latitudes  of  the  organics!  « 

MYCALEX®  glass-bonded  mica— formulations  of  high  quality  natural  mica 
and  electrical  grade  glasses,  with  high  dielectric  strength,  total  dimensional 
stability,  high  arc  resistance,  high  temperature  resistance.  Depending  on  their 
formulation,  they  can  be  machined  or  molded  to  exacting  tolerances,  inserts 
can  be  permanently  molded  in  or  cemented  in— the  thermal  expansion  of 
MYCALEX  being  close  to  that  of  stainless  steel. 

SUPRAMICA®  ceramoplastics — advanced  formulations  of  synthetic  mica 
and  high  temperature  glasses,  created  for  insulation  applications  at  operating 
temperatures  up  to  1550°F.  They  have  a  thermal  expansion  coefficient  close 
to  that  of  stainless  steel.  They  are  available  in  moldable  or  machinable  types 
. . .  both  offering  total  dimensional  stability. 

SUPRAMICA  BBS  — Precision 'molded  SUPRAMIca  boo— Machinable  insula- 
insulation,  for  operating  temperatures  tion,  for  operating  temperatures  to 
to  700*F.  850*F. 

SUPRAMICA  BBO- Precision -molded  supramica  eao— Machinable  insula- 

tion.  for  operating  temperatures  to 
to  932  F.  (oOO^C.)  1550*F. 

MYCALEX  410  — Precision-molded  in-  • 

sulation,  for  operating  temperatures  to  mycalex  ssb— Machinable  insulation, 

gQQop^  for  operating  temperatures  to  700*f. 

MYCALEX  410X  — Lightweight  preci-  mycalex  400— Machinable  insulation, 
sion-molded  insulation  material.  for  operating  temperatures  to  800*F. 

General  Offices  and  Plant:  120-D  Clifton  Blvd.,  Clifton,  N.  J. 
Executive  Offices:  30  Rockefeller  Plaza,  New  York  20,  N.Y. 
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Flexible  Coaxial  Cable  Takes  1,000  F 


By  CHARLES  CAMILLO,  Chief  KiiKlneer,  Cable  and  Wire  Division,  Amphenol-Borg  Electronics  Corporation,  Chicago 


A  MAJOR  BREAKTHROUGH  in  Cable 
design  is  a  highly  flexible  coaxial 
cable  that  can  withstand  1,000  F 
temperatures  generated  in  manned 
supersonic  and  hypersonic  air- 
breathing  vehicles. 

Developed  by  the  Cable  and  Wire 
Division  of  the  Amphenol-Borg 
Electronics  Corp.,  each  cable  is  a 
completely  sealed  r-f  transmission 
system  that  consists  of  inner  and 
outer  conductors  ^parated  by  a 
dielectric  of  modlfled  semi-solid 
silica.  Over  all  is  a  protective  sealed 
metallic  convoluted  jacket.  Each 
end  of  the  cable  is  sealed  at  the 
factory  with  a  hermetic  seal  that 
incorporates  screw  threads  for  r-f 
connectors. 

Electrical  and  physical  informa¬ 
tion  on  the  new  high-temperature 
cable  is  given  in  Table  I.  Electrical 
performance  compares  favorably 
with  standard  coaxial  cables.  Char¬ 
acteristic  impedance,  capacitance 
per  foot  and  velocity  ratio  are  the 


Attenuation  values  of  cable  system  are  being  determined  at  1,000  F.  Cable  system  has  been 
inserted  in  oven  at  left.  Impedance  transformers  are  shewn  at  each  end  of  the  assembly 


same  as  for  cables  with  Teflon  di¬ 
electrics. 

Attenuation  values  are  given  in 
Table  II.  Attenuation  versus  fre¬ 
quency  at  room  temperature  is  typi¬ 
cal  of  standard  coaxial  cables.  At 
700  F  and  1,000  F,  the  attenuation 
rises  to  values  well  within  practical 
limits. 

Since  the  cable  is  factory-termi¬ 
nated,  uniformity  of  performance 
is  vastly  improved.  The  system 


Table  I— Cable  Characteristics 


Cable  overall  dia . 0.525  in. 

Caparitaiire  . nom. 

Chararterislic  impedance.  .50±:2  ohms 
Connectors* 

Weight  of  Type  N  plug... 2.5  02.  ea. 
Corona  extinction...  .1,000  v  rnis  min. 
Dielectric  strength. .  .3,500  v  rms  min. 
Flexibility,  .bend  dia.  lOxdia.  of  cable 

Lengths  available . up  to  200  ft. 

Nuclear  radiation  resist . excellent 

Velocity  ratio  . 69  percent  nom. 

Weight  of  cable . 17.5  lbs/ 100  ft. 


Cable  hat  been  flexed  30,000  limes  over 
10X  mandrels  of  flexing-endurance  ma¬ 
chine  without  dielectric  deterioration 


Other  connector  types  will  be 


available. 


vswr  is  therefore  not  subject  to 
varying  methods  of  assembly  of 
cable  and  connectors. 

Flexibility 

An  important  design  feature  of 
the  cable  is  its  extreme  flexibility. 
Flexing  and  endurance  tests  w’ere 
conducted  per  MIL-C-915  with 
samples  being  bent  first  90  deg.  in 
one  direction  and  then  90  deg.  in 
the  opposite  direction  over  five-inch 
diameter  mandrels.  After  30,000 
cycles  the  dielectric  showed  no 


Table  II— Attenuation  vs  Freq 


Closo-up  of  compUta  assambly.  Cantar 
contact  scraws  on  the  threaded  extension 
of  center  conductor  in  hermetically-sealed 
termination.  Connector  body  screws  on 
directly  la  termination.  Bodies  and  con¬ 
tacts  are  interchangeable  male  or  female 
Series  N,  C  or  SC 


Attrniiatioii  in 

•Ib/ft. 

(mc/noc) 

68  F 

700  F 

1.000  F 

100 

2  3 

4 

,) 

200 

3.3 

1 

6.9 

400 

5 

8  2  j 

10 

1,000 

10 

16  j 

19 

2,000 

19.8 

na  j 

34 

3,000 

30 

40 

48 

64 


JUNE  26,  1959  •  ELECTRONICS 


Bristol  miniature  pressure  switch 

features  ultra-reliable  precision  pressure  element. 
Exclusive  design  provides  outstanding  resistance  to 
shock,  vibration,  acceleration  and  overpressures. 

These  Bristol  miniatures,  widely  proved  in  modern  aircraft, 
are  designed  for  switching  electrical  circuits  in  response  to 
pressure  changes  in  air,  fuels,  lubricants,  hydraulic  fluids, 
other  gases  and  liquids. 

Bristol's  specially  designed  Ni-Span  element  is  silver 
brazed  to  the  stainless  steel  base  assuring  greater  reliability 
than  ordinary  soft-soldered  construction.  Result;  accurate, 
reliable,  repeatable  performance  in  any  position,  at  tem¬ 
peratures  from  — 65*F  to  -f250“F,  and  under  Mil  Spec  en¬ 
vironmental  requirements. 

Write  for  Bulletin  AV2010  on  Bristol  Miniature  Gage  and 
Absolute,  Adjustable  and  Differential  Switches.  The  Bristol 
Company,  Aircraft  Components  Division,  152  Bristol  Road, 
Waterbury  20,  Conn.  e 


change  in  physical  characteristics 
or  insulation  resistance. 

Bending  over  the  lOX  mandrel 
required  very  little  force  and  the 
bend  diameter  has  no  effect  on  the 
performance  of  the  system. 

As  a  completely  sealed  r-f  trans¬ 
mission  system,  this  cable  design 
fixes  the  responsibility  of  critical 
assembly  of  numerous  components 
upon  one  manufacturer  and  pro¬ 
vides  increased  reliability.  Partic¬ 
ularly  important  in  r-f,  this  ap¬ 
proach  has  been  utilized  with  con¬ 
siderable  success  in  ECM  systems 
for  the  Air  Force. 


High-Fired  Ceramic 

Pure  beryllium  oxide,  a  high-fired 
ceramic  body,  is  now  available  for 
use  in  applications  at  close  to  4,600 
F.  Thermal  conductivity  about  that 
of  brass,  coupled  with  a  high  elec¬ 
trical  resistivity,  make  this  mate¬ 
rial  suitable  for  applications  in 
wave  guide  windows,  electron-tube 
spacers,  heat  sink  and  reactor  mod¬ 
erator  applications,  and  many  other 
critical  electronic  areas. 

High-density  ceramic  bodies, 
such  as  pure  beryllium  oxide,  are 
available  from  National  Beryllia 
Corp.,  North  Bergen,  N.  J.  Their 
trade  name  for  beryllium  oxide  is 
Berlox. 

In  the  nuclear  fission  field,  Berlox 
atoms  present  small  cross  sections 
to  neutrons  similar  to  carbon  and 
oxygen  and  are  particularly  suitable 
for  reactor  moderators  since  the 
neutrons  produced  are  moderately 
scattered  by  beryllia  and  become 
available  for  additional  reactions. 


SPECIFICATIONS  (Fixed  pressure  setting  models) 

Normal  Working  Range  —  0  to  100  psi  absolute,  gage,  or 
differential 

Burst  Pressure  —  exceeds  250%  of  normal  working  pres¬ 
sure 

Electrical  Ratings -5  amp  at  125  v,  60  cycle,  inductive 
or  resistive 

4  amp  at  30  vdc  resistive 
2.5  amp  at  30  vdc  inductive 

Dielectric  Strength  —  500  v  rms  between  terminals  and 
from  terminals  to  case  (MIL-S-8801) 
Life  at  Rated  Electrical  Load -40,000  cycles  at  125  vac 
25,000  cycles  at  28  vdc 

High  Temperature  Exposure  &  Operating  — 

(MIL-S-8801)  250®  F 

Low  Temperature  Exposure  &  Operating  — 

(MIL-S-8801)  -65®  F 

Shock,  30  g,  3  axes  — (MIL-S-8801)  no  change 
Vibration  -  (MIL-S-8801)  no  contact  chatter,  no  switch 
damage 

300-600  cpm  at  0.050"  d.a.-set  point  change-none 
operating  differential  change-none 
600-4500  cpm  at  0.036"  d.a.-set  point  change-Vk  psi 
operating  differential  change— Viz  psi 
4500-30,000  cpm  at  10  g-set  point  change-Vk  psi 
operating  differential  change-Vg  psi 

Diameter-l-5/16 


Image  Intensilier 

Light  images  as  low  as  10  ’  foot- 
candles  can  be  intensified  over  1,000 
times  with  the  Westinghouse  Type 
WL-7257,  now  available  from  the 
Westinghouse  Electronic  Tube 
Division,  Elmira,  New  York. 

Most  important  use  of  the  new 
device  may  be  in  the  nuclear  field, 
where  the  tube  will  permit  photo¬ 
graphic  records  of  atomic  particle 
reactions.  Two  University  of  Michi¬ 
gan  physicists,  M.  L.  Perl  and  L.  W. 
Jones,  have  already  u.sed  the  tube 
in  a  luminescent  chamber  system  to 
produce  photographs  of  light  from 


BRISTOL 


FINE  PRECISION  INSTRUMENTS 
FOR  OVER  69  YEARS 
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the  path  of  a  single  atomic  particle. 

In  astronomy,  the  image  tube  can 
further  intensify  the  output  of 
giant  telescopes  when  viewing  very 
faint  stars,  or  it  could  be  used  in 
satellites  to  obtain  pictures  of  dis¬ 
tant  stars  and  galaxies. 

Four  of  the  tubes,  feeding  into 
each  other  with  lenses,  would  be 
able  to  produce  a  picture  of  a  single 
photoelectron. 

Electrical  and  mechanical  data  of 
this  tube  are  presented  below. 

TABLE  I 

Image  Tube,  WL-7257 


FOR  S*l>PER-FINE  CUJTING 

OF  HARD.  BRITTLE 

< 

M  AT  E  Rl  A  LS  .  .  . 


ELECTRICAL 

Cain  with  30kv  on  anode  screen, 
approx,  imafie  minifiration  gain.. 25 

Light  quantum  gain: 

with  2,870  k  tungsten  input . 50 

with  actinic  hlue  input . 100 

Optical  minifiration  ratio . 5  to  1 

Input  resolution  . 75  line  pairs/in. 

Photocathode  illumination  threshold 

for  imaging  . approx  lO^Tt.C 

MECHANICAL 

Max.  dia  . 8-11/16  in. 

Max.  length . 15^^  ■». 

Max.  use  photorathode  dia . 5  in. 

Max.  use  output  screen  dia . 1  in. 

Net  weight  . 6*^  lbs. 


THK 


Industrial 
Airbrasive  Unit 


We  don’t  recommend  slicing  up  the  family’s  fine  Limoge  China,  but  this 
does  illustrate  the  precisely  controlled  cutting  action  of  the  S.  S.  White 
Airbrasive  Unit.  Note  how  clean  the  edge  is,  and  bow  the  delicate  ceramic 
decoration  is  unharmed. 

The  secret  of  the  Airbrasive  is  an  accurate  stream  of  non-toxic  abrasive,  gas- 
propelled  through  a  small,  easy-to-use  nozzle.  The  result  is  a  completely  cool 
and  shockless  cutting  or  abrading  of  even  the  most  fragile  hard  materials. 


MAXIMUM  RATES 
Absolute  max  values 

Anode  screen  to  photorathode  v 

30  max  kv 

Peak  pulse  anode  screen  current 

1  max.  nia 

TYPICAL  OPERATING 
CONDITIONS 

Photocathode  and  first  lens  clement 

grounded 

Anode  screen  voltage . 20  to  30  kv 

Fifth  lens  element 

13.9  to  16.4  percent  of  anode  v. 
Fourth  lens  element 

40  percent  of  5th  lens  element  v. 
Third  lens  element 

8  percent  of  5th  lens  element  v. 
Second  lens  clement 

3  percent  of  5th  lens  element  v. 
Approx,  anode  screen  current  with: 
10~~’  foot  candle  input  to  tube 

1  to  2^amp8 


Airbrasive  has  amazing  flexibility  of  operation  in  the  lab  or  on  an  automated 
production  line.  Use  the  same  tool  to  frost  a  large  area  or  to  make  a  cut  as 
fine  as  .008" ! . . .  printed  circuits . . .  shaping  and  drilling  of  germanium  and 
other  crystals...deburring  fine  needles... cleaning  off  oxide  coatings... wire¬ 
stripping  potentiometers... engraving  glass,  minerals,  ceramics.  Jobs  that 
were  previously  thought  impossible  are  now  being  done. 


Send  IIS  samples  and  specs  on  your  difficult  jobs  and  let  us 
test  them  for  you. 


SEND  FOR  BULLETIN  5705 A... 
complete  information. 


8.  S.  Whit*  Industrial  Division 
Dspt.  EU.  10  East  40th  Strsst,  Nsw  York  18,  N.  V. 

Wsstsm  offlcsi  1839  Wsst  Pico  Boulsvard,  Los  Angslss  8,  California 


Polytechnic  Research  and  Development  Co.,  Inc. 

202  Tillary  Straet,  Brooklyn  1,  New  York.  Telephone:  Ulster  2-6800 
West  Coast  Office:  2639  So.  La  Cienega  Blvd.,  Los  Angeles  34,  California.  Telephone:  TExas  0-1940 


Special  problems  in  attenuation  and  other  related  measurements?  Contact  our  Applications  Engineering  Department. 
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ATTENUATION 


HOW  TO  MEASURE 


This  microwave  bench  set-up  is  for  the  measurement  of  attenuation 
by  the  RF  SUBSTITUTION  method.  Other  techniques  could  have  been 
shown,  but  this  represents  one  of  the  simplest,  easiest  to  use  methods 
known. 

The  one  main  point  we  would  like  to  stress  is:  regardless  of  the  kind  of 
measurements  made,  the  quality  of  the  test  equipment  used  is  of  the 
utmost  importance.  That’s  why  PRD  has  concentrated  on  producing  the 
widest  range  of  the  most  precise  microwave  test  equipment  available 
anywhere  in  the  world. 

In  the  RF  SUBSTITUTION  method,  the  PRD  195-B  Precision  Gauge 
Attenuator  is  used  as  a  standard  and  calibrated  for  the  frequency  at 
which  the  attenuation  is  to  be  measured.  The  PRD  195-B  is  set  at 
some  value  of  attenuation  greater  than  the  unknown.  Its  reading  and 
the  output  power  level  of  the  line  shown  on  the  PRD  650-B  Power  Bridge 
are  both  recorded.  The  unknown  is  then  inserted  into  the  line  thereby 
changing  the  output  level,  and  the  PRD  195-B  is  readjusted  to  return  the 
power  level  to  its  original  value.  The  attenuation  of  the  unknown  is  simply 
the  difference  between  the  two  readings  of  the  PRD  195-B. 

Sound  Simple?  Sure  it  is,  but  even  more  important  it’s  accurate.  The 
PRD  195-B  has  a  guaranteed  calibration  accuracy  of  ±  0.2  db. 

The  precision  and  ease  of  operation  of  all  of  the  products  shown  in  this 
example  are  typical  of  each  of  over  300  PRD  microwave  test  instruments 
currently  produced.  For  detailed  specifications  of  the  products  shown 
in  the  measurement  bench,  write: 


TEST  INSTRUMENTS  USED 
IN  THIS  X-BAND  ATTENUATION  BENCH 

1-703  Shielded  Tube  Mount,  catalog  page  F-8 
2  409  Klystron  Power  Supply,  catalog  page  F-10 
-F-SOS-A  Slide  Screw  Tuner,  catalog  page  B-14 

4- 1203  Waveguide  Ferrite  Isolator,  catalog  page  A-21 

5- S3S  Frequency  Meter,  catalog  page  D-12 
*-19S-B  Precision  Gauge  Attenuator,  catalog  page  A-5 
T-UNKNOWN  represented  by  a  140  Fixed  Waveguide 

Attenuator,  catalog  page  A-11 

8- 203-0  Slotted  Section,  catalog  page  B-11 

9- 2S0-A  Broadband  Probe,  catalog  page  B-12 
JO-277-A  Standing  Wave  Amplifier,  catalog  page  E-7 

11- 303-A  Slide  Screw  Tuner,  catalog  page  B-14 

12- 643  Waveguide  Thermistor  Mount,  catalog  page  E-9 
12 -650-B  Power  Bridge,  catalog  page  E-13 
14-159-A  Level  Set  Attenuator,  catalog  page  A-17 


MICROWAVE  EN6INEERS-SCIENTISTS 

Pesitians  offering  stimulating  challenges  with 
unlimited  potential  va  new  open  at  PHD.  Please 
address  all  inquiries  te  Mr.  A.  E.  Spruck,  PPO, 
202  Tillary  Street,  Brooklyn  1,  Now  York. 


PRODUCTION  TECHNIQUES 


Induction  Brazing  in  Inert  Gases 


TarminoU  ora  toldarad  into  7  gyretcepa  pickoff  and  null  adjuttmant  housings.  Oparotion 
takas  10  saconds  at  tamparatura  of  400  F 


High-fhequency  induction  braz¬ 
ing,  soldering,  sintering  or  temper¬ 
ing  of  components  can  be  carried 
out  in  inert  gas  atmospheres 
through  a  bell  jar  setup  equipped 
with  automatic  controls. 

The  facility  shown  is  used  at 
Raytheon’s  Missile  Systems  Divi¬ 
sion,  Lowell,  Mass.  There  are  4 
similar  setups  on  a  single  work 
table.  Each  setup  operates  inde¬ 
pendently. 

All  4  stations  are  supplied  heat¬ 
ing  power  from  a  7.5  kw  h-f  gener¬ 
ator.  Power  used  is  preset  at  each 
station  by  a  local  rheostat.  Each 
station  has  an  air-operated  switch 
controlled  by  the  timer.  The  air 
cylinder  drives  a  V-block  contact. 

With  bell  jar  raised,  the  fixture  is 


Typical  componantt  braiad  and  loldarad 
in  ball  jar  tatup.  Parts  art  shown  above 
assemblies  at  lower  left  and  right 


Bell  jar  in  raised  position 


loaded.  When  the  operator  presses 
a  start  button,  an  air  cylinder 
lowers  the  jar.  When  the  jar  is 
seated  on  the  0-ring  seal,  a  pin  in 
the  jar  support  base  contacts  a 
switch.  The  switch  sets  off  a  Multi¬ 
flex  timer. 

The  timer  turns  on  nitrogen  gas, 
then  hydrogen  for  preset  periods. 
Gas  flow  is  controlled  by  solenoid 
valves.  The  nitrogen  valve  is  nor¬ 
mally  open  and  the  hydrogen  valve 
is  normally  closed.  If  power  fails, 
nitrogen  will  automatically  purge 
the  system. 

Gases  are  introduced  through  a 
ring-shaped  diffusion  plate  in  the 
top  of  the  jar,  to  reduce  turbulence. 


Standardiied  fixtures  permit  quick  change¬ 
over  from  one  setup  to  another 


Circular  holes  in  the  plate  below 
the  fixture  allows  gases  to  exit. 

The  timer  next  times  the  heating 
cycle,  purges  the  jar  and  raises  the 
bell  jar  while  it  is  being  purged 
with  nitrogen  gas.  Complete 
changeover  from  job  to  job  can  be 
done  in  2  or  3  minutes.  Operating 
temperatures  can  be  varied  from  90 
F  to  over  5,000  F.  Temperatures 
and  operating  times  at  each  station 
are  monitored  with  a  potentiometer- 
type  recorder. 


Mold  Gloss  Fiber  into 
Small  Instrument  Coses 

Three  years  of  testing  and  use 
under  various  field  conditions  dem¬ 
onstrate  that  molded  glass  fiber  in¬ 
strument  housings  will  withstand 
the  severe  environments  of  indus¬ 
trial  process  instrumentation,  ac¬ 
cording  to  Warminster  Fiberglass 
Co.,  Hatboro,  Pa. 

Glass  fiber  reinforced  resins  are 
premixed  and  molded  when  hous¬ 
ings  are  too  small,  or  too  complex 
in  shape  for  conventional  laminat¬ 
ing. 

Molded  compounds  are  not  as 
strong  as  laminates,  but  this  can 
be  somewhat  compensated  for  with 
added  thickness.  Advantages  over 
metal  cases  are  cited  as  permanent 
corrosion  resistance,  no  painting, 
insulation,  light  weight,  lower  tool¬ 
ing  and  assembly  cost. 

The  firm  prefers  glass  fiber  to 
other  reinforcing  fibers  because  of 
its  dimensional  and  dielectric  sta¬ 
bility,  resistance  to  heat,  fungus, 
flame  and  moisture.  Glass  strands 
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can  generally  remove  the  excess 
flash  from  the  part  with  a  gloved 
thumb.  Flash  in  cored  holes  is  also 
broken  off  with  his  thumb. 


Four  motor  cotoi  oro  caught  on  fibor  board 
os  thoy  drop  off  molo  dio 


The  molded  case  sticks  to  the 
male  die.  It  is  freed  by  knockouts 
and  caught  as  it  falls  from  the  die. 
The  molding  cycle  is  about  2.5  to 
3  minutes,  including  dwell  time  of 
1  minute  15  seconds. 

All  holes  are  cored  in  the  dies, 
to  avoid  difficult  machining.  Side 
holes  are  cored  by  separate  hydrau¬ 
lic  rams  during  the  dwell.  The 
molds  also  provide  for  molded-in 
inserts  to  support  instrument  com¬ 
ponents  that  require  frequent  re¬ 
moval  for  adjustment  or  service. 


Bonded  Wires  Form 
Wire  Stripping  Brush 


Bruthut  inttalkd  on  wiro  strippor 


Wire  stripping  brushes  whose 
wires  are  enca.sed  in  a  bonding 
medium  will  strip  enameled,  plastic, 
fiber,  glass  fiber,  asbestos  and  other 
types  of  wire  insulation  with  only 
light  pressure,  according  to  The 
Osborn  Manufacturing  Co.,  Cleve¬ 
land,  Ohio. 

The  unusual  construction  of  the 
brushes  minimizes  uneven  brush 
wear  and  prevents  loading  of  in¬ 
sulation  material.  The  brushes 
leave  a  light  scratch  finish  on  the 
conductors.  The  brush  also  is  re¬ 
ported  to  perform  efficiently  in  op¬ 
erations  which  utilize  rotary  files, 
abrasive  stones  and  belts,  tumbling 
and  shot  blasting. 


atlee  cups 

GAIN  IN  HOLDING  POWER 


I  TESTS  PROVE  IT  .  . .  tests  conducted  independently  by  some  of  the  nation's 
i  most  critical  users  of  component  holders.* 


the  TESTS: 


the  RESULTS: 


the  REASONS: 


•  vibration  at  500  cps  90  G  peak,  and  at  2,000  cps  65  G  peak, 
for  one  minute 

•  1,750  impact  shocks  at  200  G,  perpendicular  to  and  also 
along  the  axis  of  the  holder 

•100  complete  cycles  of  component  insertion  and  withdrawal 

•  above  tests  repeated  after  15  minutes  exposure  to  tempera¬ 
ture  of  500° F. 

•  no  visible  shifting  of  the  component  in  the  holder 

•  no  resonant  frequencies  developing  under  vibration 

•  temperature  had  no  effect  on  dynamic  holding  power 

•  insertion-withdrawals  had  no  effect  on  dynamic  holding 
power 

•  force  required  to  dislodge  component  increased  during  tests 

•  severe  vibration  and  shock  cause  the  material  of  the  holder 
to  flex  slightly,  producing  a  closer  "set"  of  the  holder  sur¬ 
faces  to  the  contours  of  the  held  component. 


atlee  component  holders  start  out  with  a  tighter-than-usual  grip 
. . .  because  of  proper  contours,  construction  and  materials.  As  environ¬ 
mental  stresses  increase,  this  holding  power  automatically  increases  to 
meet  the  greater  demand  . .  .  because  the  holders  actually  mold  them¬ 
selves  to  the  components.  Here  is  an  equipment  designer’s  dream  come 
true:  the  greater  the  stress,  the  greater  the  security, 

DESIGN  FOR  RELIABILITY  WITH  atlee  — a  complete  line  of 
superior  heat-dissipating  holders  and  shields  of  all  types,  plus  the  expe¬ 
rience  and  skill  to  help  you  solve  unusual  problems  of  holding  and 
cooling  electronic  components.  *  Name*  on  request. 


ATLAS  E-E 


CORPORATION 

47  PROSFECT  STREET  •  WOBURN,  MASS. 
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Designers  and  Manufacturers  of 


CABLE  RETRACTOR 


•  Telrex  is 
equipped  to  design 
and  supply  to 

our  specifications 
or  yours,  Broad¬ 
band  or  single 
frequency,  fixed  or 
rotary  arrays  for 
communications, 
FM,  TV,  scatter- 
propagation,  etc. 

•  Cwisultants 
and  suppliers 

to  communication 
firms,  universities, 
propagation 
laboratories  and 
the  Armed  Forces. 


COMMUNICATION  ARRAYS 
FOR  THE  ARMED  FORCES 

and  Commercial  Service 


Calibrated  for 
•asy  assombiy  to 
Apocificotions  ond 
contof  froauoncy 
of  your  choico. 
Cuttom  Quality 
construction 
throughout.  Sug* 
gostod  rototor  for 
abovo  ~  Toirtx 
Modol  500-RIS. 
Alto  availablo: 
Ovor  Y72  off-tho* 
sholf  ftxod  or  ro* 
tatablo  high'por* 
formonco  orrays. 
7Mc.  to  600Mc. 
Mono,  Duo,  Iri 
and  Multi-band 
individually  fod 
or  single  line 
feed,  and  me¬ 
dium  to  extra 
heavy  duty  rota¬ 
tor-indicator  con¬ 
trol  systems,  ro¬ 
tated  masts,  and 
towers. 


Rotatable 
52  ohm 
Single- 
Transmission 
Line  Array 


TRI-BAND 
,  MODEL 
XCYST 
111420 


Rasin  mix  it  loadad  into  dough  mixor 


i  inch  in  length,  or  longer  are  used. 
Impact  strength  increases  with 
fiber  length,  up  to  1  inch.  Beyond 
1  inch,  tensile  and  flexural  strength 
is  enhanced,  but  the  mix  is  difficult 
to  compound  and  for  most  applica¬ 
tions  the  additional  strength  is  not 
required. 

A  typical  formulation  is  22  part.s 
glass  fiber,  27  parts  polyester  resin, 
40  parts  clay  filler,  5  parts  precipi¬ 
tated  calcium  carbonate,  1  part  zinc 
stearate.  Benzoyl  peroxide  catalyst 
and  colorants.  This  is  thoroughly 
mixed  in  100-pound  batches  in  a 
dough  mixer. 

The  proper  charge  for  the  mold 
is  determined.  A  typical  large  in¬ 
strument  case  weighs  2.7  pounds 
and  has  a  1-pound  cover.  A  small 
case  requires  about  1  pound. 

Cases  are  molded  in  dies  heated 
to  275  F  to  325  F.  Both  male  and 
female  dies  are  heated.  Ram  pres¬ 
sures  up  to  150  tons  are  used.  A 
small  case  would  require  about  80 
tons.  The  molding  press  operator 


Power  rating—  |  (Higher  ratings 
1.5Kw.,1l)0*/.A.M.  available) 


I  Sp»cification$:  |  | 

Gain  llMc.-B.O  db,  F/B  24  db,  E-Plane  B-W  V^Power-66* 
Gain  14MC.-8.4  db,  F/B  24  db,  E-Plane  B-W  V^Power-60* 
Gain  20MC.-8.6  db,  F/B  24  db,  E-Plane  B-W  ViPawer-5G* 
Wind  surface— 13.36  sq.  ft.  Load  at  100  fflph.-423  lbs. 
Tuming  radius-23  ft.  Container  size-12‘'xl2''xl4' 
Antenna  weight- 160  lbs.  Shipping  weight  200  lbs. 
Antenna  rated  design  with  radial  ice-llO  mph. 


For  information  or  ^  ~ ' 

to  ordor,  phono 

PRospett  5-7252  /  ANTENNAS 

or  writo 

Department  SC. 


Communication  and  TV  Antannas 


LABORATORIES 


SINCE 

1921 


ASBURY  PARK  25,  NEW  JERSEY,  U.S.A 
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Withdrawal  of  a  chassis  for  service 
and  its  return  to  position  no  longer 
presents  the  old  bugaboo  of  coble 
entanglement  with  and  damage  to 
tubes  and  components  in  the  chassis 
immediately  below  it. 

This  new  coble  retractor's  double  action 
maintains  a  constant  tension  and  correct 
suspension  of  coble  at  oil  times— permits 
adequate  coble  length  for  full  extension 
and  tilting  of  chassis  without  hazard  of 
snagging. 

May  be  used  with  all  types  of  chassis  or 
drawer  slides,  is  adjustable  to  fit  varying 
chassis  lengths,  is  simple  to  install,  and  has 
proven  thoroughly  reliable  in  operation. 

Mounts  on  rear  support  roils  on  standard 
1%"  hole  increments.  Cadmium  plated 
cold  rolled  steel. 

Write  for  compUte  data 

ORegon  8-7827 

Western  Devices,  Inc. 

600  W.  FLORENCE  AYE..  INGLEWOOD.  CALIF. 


Glass  fiber  is  added  to  rosin  mix 


CABLE  RETRACTOR  INSTALLED 
One  support  roil  is  shown  cut  away 
to  more  clearly  illustrate  complete 
absence  of  coble  sag  at  every  stage. 
TOP  — installation  with  slide  closed 
MIDDLE  — chassis  partly  withdrawn 
BOTTOM  — slide  extended,  chassis  tilted 


ONE  SOURCE... - 

I  tor  VENTILATED  RELAY  RACK  CABINETS, 
CONTROL  CONSOLES.  BLOWERS,  CHASSIS. 
•CHASSIS-TRAK-,  RELATED  COMPONENTS 


Weighed  lumps  of  mix  ore  placed  in 
cavities  of  female  die 
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On  The  Market 


Rill  size 


Pressure  Switch 
transistor  size 

Century  Electronics  &  Instru¬ 
ments,  Inc.,  Box  6216,  Tulsa,  Okla. 
Now  available  for  use  in  all  types 
of  systems,  this  new  i  oz  transistor 
size  pressure  switch  is  designed  for 


surge,  leak  and  variance  detection. 
Setting  limits  are  1  to  100  psig; 
operating  range,  1  to  500  psig; 
temperature,  —65  F  to  -1-250  F; 
proof  pressure,  3,000  psig;  burst 
pressure,  5,000  psig;  vibration,  0  to 
2,000  cps  at  10  g. 
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Bearing  Tester 
all-electronic 


Bbaring  Inspection,  Inc.,  3311  E. 
GTage  Ave.,  Huntington  Park,  Calif. 
Bearings  used  in  radar  instrumen¬ 
tation,  tape  recording  mechanisms, 
computers,  memory  drums,  gyros, 
and  servo  systems  can  be  checked 
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Blacie  Antenna 
for  L-band 


Canoga  Division  Underwood  Corp., 
15330  Oxnard  St.,  Van  Nuys,  Calif. 
Model  9955  blade  antenna  for  the 
1400  me  telemetry  band  is  designed 
for  high  speed  aircraft  and  missile 
applications.  The  polarization  is 


Radio  Noise  Filter 
subminiature 

Double-“E”  Products  Co.,  208 
Standard  St.,  El  Segundo,  Calif., 
announces  a  radio  interference 
filter  featuring  a  case  in.  in  di¬ 
ameter,  is  in.  long.  Model  5838  is 


rated  at  up  to  2  amperes  at  28  v  d-c 
to  105  C,  and  will  filter  most  d-c 
motors  to  the  requirements  of  MIL- 
I-6181B.  Unit  has  a  A-24  threaded 
mounting  bushing  and  may  be 
screwed  into  a  panel  or  held  in  place 
with  a  nut  and  lockwasher. 
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perpendicular  to  the  mounting  sur¬ 
face  and  the  resulting  radiation 
pattern  is  circular.  The  antenna 
has  a  maximum  vswr  of  1.5  over  a 
25  percent  frequency  band,  is  3.55 
in.  long,  extends  1.70  in.  from  the 
skin  of  the  airframe,  and  weighs 
7  oz. 
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Waveguide  RSWI 
compact  unit 

Polytechnic  Research  &  Develop¬ 
ment  Co.,  Inc.,  202  Tillary  St., 
Brooklyn,  N.  Y.  The  new  PRD 
waveguide  rotary  standing  wave  in¬ 
dicator  greatly  simplifies  the  meas¬ 
urement  of  vswr,  reflection  coeffi¬ 
cient  angle,  hence  impedance,  in  the 
low  frequency  range.  Operating  by 


means  of  a  probe  rotating  in  the 
plane  of  circular  polarization  of  a 
waveguide,  the  waveguide  rswi  pro¬ 
vides  a  nonambiguous  read-out  of 
the  sign  of  reactive  components. 
Small,  compact,  and  lightweight 
with  an  insertion  length  of  only 
10  in.,  it  eliminates  the  need  for 
bulky  slotted  sections  or  reflectom- 
eters  in  the  large  waveguide  sizes. 
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easily  and  accurately  with  the  model 
BA-22  electronic  bearing  tester. 
New  instrument  detects  and  pin¬ 
points  hidden  faults  as  small  as  1- 
millionth  of  an  inch  in  size,  without 
bearing  disassembly.  Aircraft  and 
missile  bearings  up  to  14  in.  in 
diameter  are  checked  with  very 
high  accuracy.  Oscilloscope  display 
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Sola  Constant  Voltage  Filament  Transformer  is  an  integral  part  of  this  Electro- 
Pulse.  Inc.  Megacycle  Pulse  Code  Generator.  It  provides  regulated  filament 
voltage  for  reliable  operation  of  the  equipment  and  for  full  life  of  its  electron  tubes. 


Sola  transformer  regulates  filament  voltage 

witliin  ±1% - protects  tubes  from  . 

inrusb  currents  and  line  transients 


Fluctuations  in  supply  voltage  for  electron  tube  fila¬ 
ments  can  be  costly  ...  in  shortened  tube  life  ...  in 
substandard  performance  ...  in  equipment  downtime. 
Electro-Pulse,  Inc.  solved  its  filament  voltage  problems 
through  this  straightforward  approach:  the  company’s 
Megacycle  Pulse  Code  Generator  includes  a  Sola 
Constant  Voltage  Filament  Transformer  built-in  as 
part  of  its  power  supply. 

This  versatile  unit  does  the  step-down  job  of  a  con¬ 
ventional  transformer  and  it  also  regulates  the  filament 
supply  —  a  task  that  ordinary  filament  transformers 
don’t  pretend  to  do.  Filament  voltages  are  stabilized  to 
within  ±1%  even  with  line  voltage  variations  as  great 
as  ±15%.  Its  current-limiting  characteristic  protects 
tubes  from  cold  inrush  currents  upon  starting — as  well 
as  from  line  transients.  It  is  a  simple,  reliable  static- 


magnetic  regulator  with  automatic  and  virtually  instan¬ 
taneous  action.  Variations  in  input  voltage  are  usually 
corrected  within  1.5  cycles.  There  are  no  tubes  or  naov- 
ing  parts,  and  no  manual  adjustment  or  maintenance 
is  necessary. 

The  filament  voltage  regulator  illustrated  is  only  one 
of  a  complete  line  of  Sola  Constant  Voltage  Transform¬ 
ers  having  wide  application  in  electrical  and  electronic 
devices.  They  include  such  special  types  as  harmonic- 
free,  plate-filament,  and  adjustable  output  units — all 
provide  the  benefits  of  regulated  input  voltage.  More 
tlian  40  ratings  of  these  compact,  economical  regulators 
are  available  from  stock,  and  Sola  manufactures  cus¬ 
tom-designed  units  (in  production  quantities)  to  meet 
special  needs. 


For  complete  data  write  for  Bulletirt  7F-CVF-269 


Sola  Elactrlc  Co.,  4633  W.  16th  St.,  Chicago  50,  III.,  Bishop  2-1414  •  Officas  In  principal  citias  •  In  Canada,  Sola  Elactric (Canada) Ltd.,  24  Cannsotor  Ava..  Toronto  18,  Ont 


is  combined  with  audible  signal, 
and  simple  dial  settings  insure  re¬ 
liable  operation. 

CIRCLE  NO.  204  READER  SERVICE  CARD  RATIGAN  ELECTRONICS  INC.,  425  W. 

Cypress  St.,  Glendale  4,  Calif.  A 
solid  state,  500  va,  3-phase  a-c 
voltage  regulator  operates  in  all 
extremes  of  sub  and  supersonic 
^ use.  It  measures  3i  by  4  by  6  in. 

and  weighs  approximately  6  lb. 
Voltage  input  is  100-130  v  a-c,  pro- 
ducing  a  115  v  a-c  output  ±1  per- 
cent.  Frequency  range  is  380-420 
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Voltage  Regulator 
solid  state 


THE 

IDEAL 

TERMINAL 

SEHER? 


Blank  P-C  Cards 
plug-in  type 

Plug-In  Instruments,  Inc.,  1416 
Lebanon  Road,  Nashville,  Tenn.,  has 
introduced  a  new  line  of  blank 
printed  circuit  cards  for  use  in  fab¬ 
ricating  small  quantities  of  transis¬ 
tor  plug-in  circuits.  The  plug-in 
cards  provide  engineers  in  plants 
and  laboratories  an  excellent  means 
of  assembling  a  neat  transistorized 
circuit  quickly  and  conveniently. 
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STOP.  Tou^ve  found  it.  A  Black 
&  Webster  Electropunch  or  full 
automatic  Electroset  can  solve  your 
terminal  setting  problems  $1 0  COO 
— for  as  little  as  I  v  V 


Strain  Indicator 
precision  instrument 

Bytrex  Corp.,  294  Centre  St.,  New¬ 
ton  58,  Mass.  A  new,  versatile,  auto¬ 
matic  strain  indicator,  the  model 
LC-261  features  the  resolution 
(0.005  percent),  linearity  (0.02  per¬ 
cent),  repeatability  (0.01  percent) 
and  absolute  accuracy  (0.05  per¬ 
cent)  required  of  a  precision  stand¬ 
ard  for  calibration  and  linearity 
testing  of  high  quality  strain  gage 
transducers. 
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Rotary  Relay 
rugged  device 

Couch  Ordnance,  Inc.,  3  Arlington 
St.,  North  Quincy,  Ma.ss.  Type  4C  is 
a  small  hermetically  sealed  4pdt  d-c 
relay  which  features  a  contact  rat¬ 
ing  of  5  amperes  at  30  v  d-c.  While 
retaining  the  resistance  to  shock 
and  vibration  that  characterizes  the 
type  4A,  the  4C  has  a  heavier  con¬ 
tact  structure  to  make  and  break 
larger  currents.  Environmental 
specifications  call  for  unit  operation 
at  ambient  temperatures  up  to  125 
C;  vibration  is  specified  to  2,000 
cps  at  20  g  acceleration. 
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SHORT  RUNS;  Elwtropunch  —  sets  hand  fed 
terminals  twice  as  fast  as  conventional  methods. 
All  electric.  Foot  switch  operated. 

L0N6  RUNS:  ENctrosat  —  automatically  feeds 
and  uts  terminals  up  to  3600  per  hour.  All 
electric.  Customised  to  your  needs. 

tWHATS  YOUR  PROBLEM  7 

Black  &  Webster  can  help. 
Send  sample  terminal  and 
requirements. 

Write  today  for  free  12-page  catalog  describing 
our  complete  line  of  production  tools. 

BinCK  fi  WEBSTER.  IRC. 

Dept.  E,  570  Pleasant  Street 
Watertown,  Massachusetts 


Potentiometer 
25-turn  unit 

Litton  Industries,  Potentiometer 
Division,  215  S.  Fulton  Ave.,  Mt. 
Vernon,  N.  Y.,  has  introduced  a  25- 
turn  pot  furnished  in  a  length  only 
slightly  longer  than  most  10-turn 
units.  The  MD20-25  meets  or  ex¬ 
ceeds  all  military  specifications  for 
potentiometers,  with  0.0075  per¬ 
cent  Hnearity  and  0.005  percent  res¬ 
olution,  a  Litton  production  stand¬ 
ard  for  this  2-in.  model. 
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ELECTRONICS 


The  WHY  and  HOW 

of  your  own  copies  of 

electronics 


SPECIAL  ISSUES  TO  COME 

Transistorizing  Electronic 
Equipment 

Electronic  Instruments  for 
Design  and  Production 

Sophisticated  Communications 
I  Methods 

Materials  for  Environmental 
Extremes 

Electronics  Statistics 
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This  subscription  card  is  for  NEW  subscribors. 
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.  .  .  latest  technological  and  economic  data  and  what  it  means  to  the  Electronics 
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Every  Friday,  your  personal  subscription  to  ELECTRONICS  delivers  to  you  an 
ALL-IN-ONE  fact-packed  manual  —  the  easy,  practical  way  to  make  sure  you're 
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tion  Figures  which  interrelate  with  the  Technical  Breakthroughs  and  Economic 
Pressures. 

YOUR  PERSONAL  SUBSCRIPTION  TO  “ELECTRONICS"  TOTALLY  INFORMS  YOU 

...and  HERE'S  HOW^ 

NEW  subscription  ORDER  FORM 

O.K.  —  put  me  down  for  a  personal  a<^dre$s 

subscription  to  "electronics”  .  .  .  q/v-  □  Send  bill  to 
mg  me  benefit  of  your  weekly  editorial  ^ 


service  . . . 


Q  Payment 
Attached 


Check  here  □  for  I  year  $6  □  for  2  years,  $9  Q  for  3  years,  $  1 2 


Company  Name 


Products  Mfrd. 
Or  Sarvice 


_  City _ Zona  _  Stata. 

Numbar  of 
_  Employaas 


Q  Check  hare  if  you  want  Publication  sent  to  your  homo  ^ 

-  - - City_._  Zona_.  Stata -  pi,.„ 

Foreign  Rates  (1  year)  Canada  $10,  Other  Foreign:  $20  for**b«rMJwea 


T  I 


TO°GET  your  personal  copy 

of 

electronics 

.  .  ISSUED  WEEKLY  \.  EVERY  FRIDAY 
ENGINEERING  A  T  A 
TECHNICAL  1//A  I 
EVERY  ISSUE^ 

This  fxpand<-H  service  of  KLK(>TK()NI(>S  provides  the  mosl  comprehensive  and  fastest  aid  for  the 
executive  and  engineer  vitally  concerned  with  every  phase  of  th^  electronics  industry  .  .  . 

New  Ideas!  .  .  .  New  (Circuits!  .  .  .  New  Engineering  Techniques^ 

Improved  Manufacturing  Methods!  .  .  .  New  Design!  .  .  .  Advances^  in  Hesearch! 
l'rom|»t  word  ahoul  New  Electronic  Equipment,  Parts  and  (]om|)ommts! 

Latest  \X  ord  on  New  Industrial,  Scientific  and  Military  Applications!  \ 

Sales  and  Production  F'igures!  .  .  .  Economic  Trends  to  help  you  makevsounder  Investment  Decisions' 
.  .  .  All  the  Vital  News!  \ 

All  subscribers  get  copies  of  the  GIANT  BUYER'S^GUIDE 

SUBSCRIBE  PERSONALLY  top-value  in  ideas  and  NEWS 

electronics 


FIRST  CLASS 
PERMIT  No.  64 
New  York,  N.  Y. 


BUSINESS  REPLY  MAIL 

No  pottage  stamp  necessary  !f  mailed  in  the  United  States 

McGRAW.HILL  PUBLISHING  CO.,  Inc. 


electronics 


330  WEST  42nd  STREET 


NEW  YORK  36.  N.  Y. 


Use  this 
handy 

order  card*. 

to  profit  by 

ELECTRONICS 

weekly 

editorial  service 


'ir 

ii ' 


_/ 


Weighs  only 
3  ounces; 
measures  just 
IVx  l”x  1^8 


GENISCO 

MINIATURE 

ACCELEROMETER 


Opportunity 


Brief  Specifications 
Raitft:  ±0.5  g  to 
±  too  g’t 

Nataral  FrtgHtiicg : 

12  CDS  to  75  cps 
Unaarity:  ±1%  of 
full  scale 

Oamping:  Nominally  0.7 
of  critical  at  75°f. 
Temperature ;  Operates  to 
specifications  between 
-20°Fan<l  +t85°F. 
Vibration :  10  g’s, 
10-20.000  cps,  any  axis 
Shock :  SO  g's  for  7  ms, 

.  any  axis 


The  new  Model  GMA 
Accelerometer  is  a  fluid 
damped,  potentiometer 
output  iniitmment. 
particularly  suited  for  flight 
and  Are  control  and 
telemetering  applications. 
Now  in  production. 


M  &  C 
Nuclear 


MODEL  GMA 


Send  for  complete  specifications 
to  the  Instrument  Division; 


Expansion  of  our  rapidly-growing 
R  &  D  program  has  created  an  excellent  opening 
for  an  electronics  engineer.  Education  should  in¬ 
clude  a  B.S.  or  M.S.  in  Efectrical  Engineering.  This 
is  u  challenging,  highly-interesting  position  that 
includes  the  designing  of  specialized  instruments 
for  nondestructive  tests.  A  thorough  knowledge  of 
Circuitry  is  essential.  Applicant  will  specialize  on 
electromagnetic  testing  and  do  some  ultrasonic 
development.  He  mu.st  have  a  keen  interest  in 
applied  research  as  well  as  the  ability  to  plan,  per¬ 
form  and  interpret  research  experiments.  He  will 
have  the  opportunity  to  report  results  in  the  form 
of  publications. 

The  man  we  select  will  receive  an 
attractive  starting  salary.  Employee  benefits  in¬ 
clude  group  insurance,  educational  a.ssi.stance  pro¬ 
gram  and  profit-sharing  plans. 

VV'e  are  the  nation’s  first  privately- 
owned  nuclear  fuel  company,  offering  unlimited 
opportunities  for  advancement  and  growth.  Lo¬ 
cated  in  lovely  suburban  Massachusetts  with  easy 
access  to  Cape  C(k1  ami  Narragansett  Bay. 

Send  complete  resume  to  Mr.  Tom  Fowler. 


- I  N  C  O  R  e  O  R  ATE  O 

2233  Federal  Avenue,  Los  Angeles  64,  California 
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MEET  TOM  EMMA 

Associate  Editor,  electronics 
FINANCE  EXPERT 


Thomas  Emma,  BA,  Columbia,  is 
a  U.S.  Naval  Reserve  officer  who 
was  formerly  a  technical  writer 
with  IT&T.  Tom  prepares  “Finan¬ 
cial  Roundup”— a  regular  weekly 
business  feature.  In  the  coming 
months  Tom  will  be  concerned  with 
radio  communications,  but  he  will 
be  specifically  involved  with  spec¬ 
trum  useage  problems.  To  keep 
abreast  of  finance  in  electronics, 
turn  to  Tom’s  weekly  coverage  of 
latest  developments.  To  subscribe 
or  renew  your  subscription,  fill  in 
box  on  Reader  Service  Card.  Easy 
to  use.  Postage  free. 

^electronics  @ 

A  McGraw-Hill  Publication 

West  42nd  Street,  New  York  36,  N.  Y. 


BOX  898,  ATTLEBORO,  MASSACHUSETTS 


A  subsidiary  of  Texas  Instruments  Incorporated 
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7349  CANOGA  AVENUE 
CANOCA  PARK,  CAIIPORNIA 
Diamond  0-3334 


Trans  Klectronics,  Inc. 


Literature  of 


filMilRnt  Output;  6.3  volts  CT  AC 
.fii  3  amperes  (unreiulated). 

Current  Raiwe:  0-100  milliamperes, 
continuous  duty;  floating  output. 
Ripple  and  Noise:  3  millivolts 
peak-to-peak  maximum. 

O.C.  Veltago  Ranfo: 

0-110  volts,  continuously  adjustable. 
Transient  Response:  Less  than  SO 
millivolts  no  load  to  full  load. 

Input  Valtage;  10S-12S  volts, 

55-400  cps,  AC. 

Internal  Impedance:  Less  than  1  ohm. 
Lead  Regulation:  0.1% 

Line  Regulation:  0.1% 

Dimensions: 

IV*"*  5Vb"x  5%'  height  overall 

RACK  MOUNTED  SIZS.OO 
RACK  MOUNTED 

WITH  METERS  SISS  OO 


MATERIALS 


Transistor  Mica  Washer.  Ford 
Radio  &  Mica  Corp.,  536  63rd  St., 
Brooklyn  20,  N.  Y,  Fifteen  basic 
insulating  washers  to  be  used  with 
popular  types  of  transistors  and 
diodes  are  described  in  the  new 
bulletin  2955. 
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COMPONENTS 


orko 


rellx/ampt 


00000 

@000000 


('omputer  Transistors.  General 
Transistor  Corp.,  91-27  138th 

Place,  Jamaica  35,  N.  Y.  Brochure 
G-140A  describes  types  2N315A- 
317A  pnp  and  2N356A-358A  npn 
germanium  alloy  transistors  for 
applications  where  high  speed, 
high  current  switching  is  of  para¬ 
mount  importance. 
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•  for  EASY  substitution 
bench,  rack  or  OEM 

•  Ftoaling  output 

•  Barrier  Type  Terminal 
Strip  Sf  AOt)  CPS 


225-325  0-175  6.3/8 


132.50 

97.50 


Electromagnetic  Damp  Servo¬ 
motor.  Helipot  Division  of  Bea¬ 
man  Instruments,  Inc.,  2500  Ful¬ 
lerton  Road,  Fullerton,  Calif. 
Servo-brief  1583  contains  a  fund 
of  technical  data  concerning  the 
use  of  inertia  and  velocity  damped 
servomotors. 
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PROBLEM  j  precision  assembly,  inspection 
SOLUTION  ^  UNITRON  3-D  stereo  microscope 
COST  as  low  as  $110 


Both  models  offer  .  .  .  sharp  clear  erect  image  •  large  depth 
oj  focus  •  wide  field  •  long  working  distance  •  interpupillary 
and  diopter  adjustments  •  rack  and  pinion  focusing  •  coated  optics 

IT  rt  a  precision,  budget  priced 

I  f-  i  k  instrument.  Vertical  binocular  body.  B|) 

jLji  Choice  of  single  magnification  from  jKJ 

IS  5X  to  45X.  Extra  eyepieces  for  addi-  W-' 

tional  powers,  $19.M  per  pair.  $110 

MSHL-  a  versatile  general  pur-  Hp 
pose  instrument  with  a  wide  range  IjK' 
of  magnifications.  Inclined  binocular  Hi 
i  body,  revolving  nosepiece  for  rapid  pF 
|CI  IIH  a  interchange  of  objectives.  Model  pTMCUl 
'  MSHL-1  with  objectives;  IX,  2X,  3X;  ^ 
i  eyepieces:  8X,  12X,  ISX;  magnifica-  , 

I  tion  range:  8X-45X.  Other  magnifica- 
/  tion  ranges  available.  S267  IP  ^ 


Subminiature  Ceramic  Capaci¬ 
tors.  Mucon  Corp.,  9  St.  Francis 
St.,  Newark  5,  N.  J.,  announces 
the  new  catalog  J-1,  which  de¬ 
scribes  in  a  four  page  brochure  its 
complete  line  of  subminiature 
ceramic  capacitors  made  in  12 
types  of  ceramic  material. 

CIRCLE  NO.  223  READER  SERVICE  CARD 


EQUIPMENT 


Instrumentation.  Dymec,  Inc., 
395  Page  Mill  Road,  Palo  Alto, 
Calif.  A  4-page  folder  discusses 
complete  digital  instrumentation 
with  standard,  compatible,  build¬ 
ing-block  in.struments. 
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I  hHxM  :inh  UNITkON'i  MkrOKOU*  Ctlalot  45  R-4 


Transistorized  Power  Supplies. 
Electronic  Measurements  Co.  of 
Red  Bank,  Eatontown,  N.  J.  Bul¬ 
letin  No.  721  describes  and  illus- 


Compony. 


ACCESSORY  STAND  —  For  use  with  binocular 
haad  and  (bousing  mechanism  of  either  Model 
MSL  or  MSHL.  frice  (stand  ealyj.STS- 


AVAILABLE  FOR  10  DAY  FREE  TRIAL  -  THE  TREND  IS  TO  UNITRON 
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the  Week 


Riding  the  trend  toward  smaller  cars  and 
thinner  wristwatches,  wc  shrewdly  surmised  that 
some  forward-looking  engineers  might  favor 
size  reduction  in  rectifier  bridges.  Fortunately, 
the  means  for  shrinking  bridge  dimensions  is  at 
hand:  our  new  Redtop®  insulated  base  silicon 
rectifier.  Redtop’s  superior  heat  transfer  ability 
permits  efficient  operation  with  less  bridge  area.* 
What’s  more,  you  get  forward  and  reverse 
ratings  that  top  the  field.  Then  there  are  the 
plus  benefits  of  integral  insulation:  No  washer 
hardware  assembly.  No  shorting  of  a  series  of 
diodes  through  faulty  insulation  assembly. 

Send  us  your  bridge  requirements  and  we’ll 
show  you  how  compact  wc  can  make  it. 

Want  a  REDTOP  data  sheet? 


Electrical  Connectors.  The 
Deutsch  Co.,  7000  Avalon  Blvd., 
Lo.s  Angeles  3,  Calif.,  ha.s  avail¬ 
able  a  brochure  showing  its  facili¬ 
ties  for  the  volume  production  of 
precision  connectors  for  the  criti¬ 
cal  demands  of  advanced  military 
and  industrial  .systems. 

CIRCLE  NO.  229  READER  SERVICE  CARD 

Systems  Facilities.  Western 
Gear  Corp.,  P.  O.  182,  Lynwood, 
Calif.  Bulletin  5900-SMU  details 
the  company’s  engineering,  manu¬ 
facturing,  research,  testing  and 
organizational  capabilities  for  ma¬ 
jor  systems  in  the  aviation,  elec¬ 
trical,  electronic,  marine  and 
military  fields.  For  a  copy,  write 
on  your  letterhead. 
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Strip-Chart  Recorders.  Varian 
Associates,  611  Hansen  Way,  Palo 
Alto,  Calif.  An  8-page  brochure 
describes  strip-chart  recorders 
that  combine  exceptional  versatil¬ 
ity  with  light  weight  and  compact¬ 
ness. 

CIRCLE  NO.  226  READER  SERVICE  CARD 

Millivolt/Ammeter.  Weston  In¬ 
struments,  Division  of  Daystrom, 
Inc.,  Newark  12,  N.  J.  Bulletin 
06-208-A  describes  the  model  1477 
zero  load  electronic  millivolt  am¬ 
meter.  Unit  described  is  priced  at 
$355. 
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Magnetic  Tape  Recorder.  Con¬ 
solidated  Electrodynamics  Corp., 
360  Sierra  Madre  Villa,  Pasadena, 
Calif.  An  illustrated  4-page  bro¬ 
chure  describes  the  type  5-701 
magnetic  tape  recorder  for  data 
acquisition  systems  where  high 
precision  is  required  with  mini¬ 
mum  size  and  weight. 
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SHRINK  or  SWIM 


making  little  bridges  out  of  big  ones 


trates  an  integrated  series  of 
regulated  transistorized  power 
supplies.  Specifications  are  given 
for  over  40  different  models. 


FACILITIES 


275  WELTON  STREET.  NEW  HAVEN  11,  CONNECTICUT 


BRADLEY  SEMICONDUCTOR  CORPORATION 
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Pormtrly  Bradltj  Lakoratoriei  lue. 


f 


PLANTS  AND  PEOPLE 


Watkins-Johnson  Expands  Fast 

Watkins-Johnson  Co.,  one  of  Palo  Alto’s  newest  electronics  firms,  moved 
into  its  new  22,000  sq  ft  building  (picture)  last  August,  now  plans  to 
break  ground  in  July  for  two  more  structures  which  will  double  its  floor 
space. 

Formed  to  deal  with  research,  development,  and  manufacture  of  micro- 
wave  electronic  devices,  the  company  grossed  $105,000  in  1958,  expects 
sales  of  $1  million  this  year,  and  predicts  three  times  that  volume  in  1960. 

W-J’s  first  production  item,  the  Helitron  tube,  is  a  voltage-tuned  o.scil- 
lator  in  the  frequency  range  above  200  me.  Characteristics  are  light 
weight,  low  power  requirements,  and  capability  of  instantaneously  tuning 
over  a  wide  range  of  microwave  frequencies.  The  company’s  next  family 
of  products  will  include  low  noise  travelling  wave  tubes,  K-band  high 
power  backward  wave  tubes,  and  parametric  amplifier  devices. 

While  the  personnel  total  is  currently  growing  at  the  rate  of  15  percent 
per  month,  management  does  not  expect  production  to  ever  reach  true 
“assembly  line  proportions.’’  The  company  will  produce  relatively  small 
numbers  of  many  different  types  of  highly  .specialized  equipment.  “It’ll 
be  almost  a  model  shop  type  of  production,’’  reports  president  Dean  A. 
Watkins. 

Watkins  is  continuing  in  his  position  as  as.sociate  director  of  Stanford 
University  Electronics  Laboratory.  Company  vice  president  H.  Richard 
Johnson  was  head  of  the  microwave  tube  department  at  Hughes  Aircraft, 
prior  to  joining  Watkins  to  form  the  new  firm. 

Initial  capitalization  by  Kern  County  Land  Company,  which  holds  49 
percent  of  the  stock,  was  $1.1  million. 

Lawrence  Joins 
Deutsch  Company 

Appointment  of  Roland  Lawrence 
as  director  of  engineering  and  re¬ 
search  for  The  Deutsch  Co.,  Elec¬ 
tronic  Components  Division,  has 
been  announced. 

He  will  head  up  the  entire  re¬ 
search,  design  and  development 
work  of  the  electronic  components 
operations  including  the  DM  and 
DS  line  of  miniature  electrical  con- 

•0 


nectors.  Greatly  expanded  facilities 
for  this  work  are  being  set  aside  in 
the  new  Deutsch  plant,  now  under 
construction  in  Banning,  Calif. 

Lawrence  comes  to  his  new  posi¬ 
tion  directly  from  Douglas  Aircraft 
Co.,  Inc.,  where  he  has  worked  for 
the  past  18  years,  most  recently  as 
supervisor  of  electronic  design 
liaison  on  the  DC-8  program. 


Hoffman  Hires 
D.  S.  Noble 

David  S.  Noble  was  recently  ap¬ 
pointed  a  senior  scientist  at  Hoff¬ 
man  Electronics  Corporation’s  new 
Science  Center  in  Santa  Barbara, 
Calif.  He  comes  to  Hoffman  from 
Trionics  Corp.,  Madison,  Wise.,  and 
will  be  concerned  primarily  wdth 
research  in  the  fields  of  data  proc¬ 
essing,  computers,  and  automation 
devices. 

As  director  of  Trionics’  elec¬ 
tronics  laboratory.  Noble  set  up 
and  equipped  the  company’s  elec¬ 
tronics  and  instrumentation  sec¬ 
tion.  Prior  to  that  he  was  a  .senior 
research  engineer  for  the  Aeronau¬ 
tical  Division  of  Minneapolis- 
Honeywell  Regulator  Co.,  St.  Paul, 
Minn.,  where  he  specialized  in  digi¬ 
tal  inertial  guidance  techniques  and 
computer  systems. 

Name  Sprecher 
Engineering  Mgr. 

Appointment  of  Newell  Sprecher 
to  the  position  of  engineering  man¬ 
ager  of  the  Audio  Development 
Co.,  Minneapolis,  Minn.,  manufac¬ 
turer  of  transformers  and  other 
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The  No.  Ill  Cross-Winds 
These  or  any  other 
Universal  Type  Coil 


Flyback 


Constant  pitch  progretsivo 


VariabI*  pitch  progressiva 

For  Widest  Versatility  in  Cross-Wound  Coil  Production... 

The  Leesona®  No.  Ill  Coil  Winder 


Equipped  with  a  progressive  coil 
attachment,  the  Leesona  No.  Ill  can 
be  used  for  high  speed  winding  of  var¬ 
iable  and  constant  pitch  progressive 
coils.  And  an  optional  pie-winding  at¬ 
tachment  automatically  indexes  coils 
from  3/32"  to  between  coil 
centers. 

Besides  versatility,  plenty  of  other 
advantages  are  built  into  the  No.  Ill 
Cross-Winder.  The  change  gears  can 
be  dropped  into  position  on  fixed 


centers,  without  tools,  for  quick  set* 
up  arid  proper  meshing  —  a  Leesona 
time-saving  exclusive. 

Also,  breakage  of  fine  wire  by  abrupt 
starts  is  eliminated.  An  electronic 
drive  starts  the  arbor  slowly,  gradu¬ 
ally  accelerates  to  full  pre-set  speed 
and  maintains  a  constant  speed  rate 
for  uniform  wire  tension  and  coil 
density. 

Winding  coils  singly  or  in  multiple, 
the  No.  Ill  produces  coils  up  to  3'/^" 


diameter  ...  at  high  speeds  . . .  accu¬ 
rately  and  uniformly  .  .  .  reduces  re¬ 
jects  ...  is  simple  to  set  up,  run  and 
maintain.  Get  further  facts  by  sending 
for  the  No.  Ill  Bulletin. 

_ _  23B.8.7 

j  Universal  Winding  Company 
I  P.  O.  Box  1605,  Providence  1 
j  Rhode  Island,  Dept.  126 

I  Please  send  me: 

I  Q  Bulletin  on  the  Leesona  No.  Ill 
J  Coil  Winder 

i 

I  Name . Title . . 

Company . . 

City . Zone. . .  .State . . 


|!  UNIVERSAL  WINDING  COMPANY 

_  FOIt  WINDING  COIIJ  IN  OUANTITY  . . .  ACCUHATaV . . .  AUTOMATICAUY 
...UK  IKSONA  WINDING  MACHINES 


ELECTRONICS  •  JUNE  26,  1959 


CIRCLE  NO.  II  READER  SERVICE  CARO  11 


electronic  components,  is  an¬ 
nounced.  He  has  been  with  the 
company  since  1961  in  sales  engi¬ 
neering  and  management  capaci¬ 
ties.  Prior  to  that  he  was 
associated  with  Midwest  Engineer¬ 
ing  Development  Co. 


POWER 


for 


Precisely  Regulated 


ra 


se 


SILICON  j 

POWER  I 

5  UP  PLIES  1 

1 

available  in  30  standard-  ij 
ized  and  militarized  models 
from  30  to  1500  amps ... 

6  to  135  volts.  CHRISTIE’S 
QUALITY  CONTROL  is 
approved  by  the  A.E.C., 
leading  aircraft  and  missile 
manufacturers,  r 


Kohler  Joins 
Daven  Co. 


WYCO  Metal  Products,  North  Hol¬ 
lywood,  Calif.,  has  added  new  reps. 
The  companies  and  territories  are: 
Gerber  Sales,  Inc.  of  Brookline, 
Mass.,  covering  Massachusetts, 
Rhode  Island,  Connecticut,  Ver¬ 
mont,,  New  Hampshire  and  Maine; 
Edwin  A.  Schulz  Co.  of  Indianapo¬ 
lis,  Ind.,  covering  Indiana  and  Ken¬ 
tucky  ;  Leo  Jacobson  &  Co.  of  Buf¬ 
falo,  N.  Y.,  covering  the  state  of 


Appointment  of  Emil  Kohler  to  the 
design  and  development  staff  of  The 
Daven  Co.,  Livingston,  N.  J.,  is  an¬ 
nounced.  He  will  be  project  engi¬ 
neer,  in  ciiarge  of  development  on 
transistorized  power  supplies  and 
various  other  transistorized  power 
equipment. 

Kohler’s  past  experience  includes 
senior  engineering  functions  for 
the  Bogue  Electric  Mfg.  Co.,  where 
he  was  responsible  for  the  develop¬ 
ment  of  important  innovations  in 
the  electromechanical,  ultrasonic 
and  semiconductor  fields;  installa¬ 
tion  and  service  supervisor  for  the 
RCA  Service  Co. ;  and  supervisor  of 
the  prototype  section  of  the  ESC 
Corp. 


Wrllm  For  Bullalin  AC-5B-A 


\  News  of  Reps 


CHRISTIE 
ELECTRIC  CORP. 

3410  W.  67th  SJreet 
Los  Angeles  43,  Calif. 


V 


A  Personal  Invitation  to 

ENGINEERS 


from  ROBERT  McCULLOCH 

President 


“If  you  would  like  to  be  a  member 
of  a  select  corps  of  Engineers, 
working  for  an  interesting,  grow¬ 
ing  company  .  .  in  one  of  the 
country’s  most  stimulating  areas 
. .  I  invite  you  to  write  to  Temco. 
Temco’s  growth  is  sound  and 
planned,  its  products  are  diversi¬ 
fied  and  challenging,  our  facilities 
are  modern.  Every  benefit,  for  you 
professionally  and  in  good  living 
for  you  and  your  family,  is  here. 
Below  are  some  of  the  areas  in 
which  jobs  are  open  now.” 

ANTENNA  DEVELOPMENT 

Graduate  Electronics  Engineer  or 
Physicist  to  perform  analysis  and  de¬ 
sign  of  antenna,  microwave,  and  pro¬ 
pagation  systems  for  use  in  missile 
guidance  and  reconnaissance.  Individ¬ 
ual  will  be  responsible  for  performing 
investigations  in  new  types  and  con¬ 
cepts  of  transmitting  and  receiving  an¬ 
tennas  for  both  pulsed  and  CW  signals, 
and  the  adaptations  of  these  studies 
to  current  use  in  Electronic  Develop¬ 
ment  projects, 

ELECTRONIC  PRODUCTS  AND  SYSTEMS 
(Sales  Engineer) 

Opportunity  exists  for  graduate  Elec¬ 
tronics  Engineer  with  eight  to  ten  years 
of  industry  and  military  service  back¬ 
ground  in  sales  and  or  design  of  elec¬ 
tronic  products  and  systems,  empha¬ 
sizing  radar,  antennae,  and  comput¬ 
ers.  As  Sales  Engineer,  he  will  contact 
military  agencies  and  commercial  or¬ 
ganizations  for  determination  of  elec¬ 
tronic  products  and  systems  require¬ 
ments. 

Write  BILL  0.  HICKEY 

Supervisor  Technical  Employment 
Room  606E,  P.  0.  Box  6191 


aiRCRaFT  eoRPnirioi  •  Dallas  is,  texas 
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New  York  except  New  York  City; 
K.  C.  Kurcaw  &  Co.  of  Detroit, 
Mich.,  covering  the  state  of 
Michigan. 

Appointment  of  two  manufactur¬ 
ers’  rep  firms  was  recently  an¬ 
nounced  by  Silicon  Transistor 
Corp.,  Carle  Place,  L.  I.,  N.  Y., 
manufacturer  of  silicon  transis¬ 
tors  and  diodes  for  the  military 
electronics  industry.  Reps  are: 
Jack  Berman  Co.  of  Los  Angeles, 
for  southern  California;  and  D. 
Dolin  Sales  of  Chicago,  for  the 
Chicago  area  and  eastern  Wis¬ 
consin. 

Electro  Networks,  Inc.,  Syracuse, 
N.  Y.,  manufacturer  of  electric 
wave  filters  and  toroidal  compo¬ 
nents,  recently  named  Naylor  Elec¬ 
tric  Co.  of  Syracuse  as  its  upstate 
New  York  rep,  and  Everett  Sales 
Engineering  Co.  of  Manhasset, 
N.  Y.,  as  its  metropolitan  New 
York  sales  agent. 

The  Wayne  B.  Palioca  Co.,  manu¬ 
facturers’  rep  with  offices  in  Lex¬ 
ington,  Mass.,  announces  the  addi¬ 
tion  to  its  staff  of  Edmond  J.  > 
Courtney.  He  will  cover  the  New 
England  states  for  those  electron¬ 
ics  firms  represented  by  the  com¬ 
pany. 

Stackpole  Carbon  Co.,  St.  Marys, 
Pa.,  has  added  two  West  Coast  reps 
for  its  line  of  fixed  and  vari¬ 
able  composition  resistors,  slide 
switches,  ferrites,  composition  ca¬ 
pacitors,  and  ceramic  magnets.  In 
the  northwestern  states,  sales  will 
be  handled  by  the  Burt  C.  Porter 
Co.  of  Seattle,  Wash.  In  the  central 
and  northern  California  areas,  the 
company  will  be  represented  by 
Eichorn  &  Melchior,  Inc.  of  San 
Francisco,  Calif. 

Richard  Purinton,  Inc.,  of  Lexing¬ 
ton,  Mass.,  now  represents  Chi¬ 
cago  Telephone  Supply  Corp., 
Elkart,  Ind.,  in  Massachusetts, 
Connecticut,  Vermont  and  New 
Hampshire.  Rep  organization  is 
offering  the  entire  CTS  line  of 
military  and  commercial  composi¬ 
tion  and  wirewound  variable  re¬ 
sistors  as  well  as  the  recently  de¬ 
veloped  tube  saver  and  bobbinless 
precision  wire  fixed  resistor  lines. 


Xhii  it  not  an  ajtr  «/  thtst  Seem  iliei  for  salt.  Tht  agtr  it  mait  antj  tht  PntftciKt, 

90,000  Shares 

Electronic  Engineering  Company 
of  California 

Common  Stock 

(J1  I'.ir  V.ilue) 


Price  $  1 3  per  Share 


Copies  of  the  Piospectus  moy  he  ohuiineJ  in  any  ^tate  /w  uhieh  this  Announcement  is  elreit* 
idle  J  from  only  such  of  the  under'jcrtters  as  may  lawfully  offer  these  secuttties  tn  such  State, 


Kidder,  Peabody  &  Co. 

lncor|M>r4te«l 

Paine,  Webber,  Jackson  &  Curtis 
Binitbain,  Waller  &  Hurry,  Inc. 


Dean  Witter  &  Co. 
Blunt  Ellis  &  Simmons 
Hill  Richards  &  Co.  Lester,  Ryons  &  Co. 


Clement  .\.  Evans  &  Cctmpany 

lnc«>r|M>raCed 

Irving  Lundborg  hi  Co.  McDonald  &  Company  Mitcbiim,  Jones  k  Templeton 
Pacific  Noribwest  Company  Rauscber,  Pierce  k  Co.,  Inc. 

Wagenseller  k  Durst,  Inc. 

June  10,  lOJO. 
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JONES 

SHIELDED  TYPE 

PLUGS  &  SOCKETS 


S-101 


LOW  LOSS  PLUGS  AND 
SOCKETS  FOR  HIGH 
FREQUENCY 
CONNECTIONS. 
SUPPLIED  IN  1  AND  2 
CONTACT  TYPES: 

101  Sarias  can  ba  fur¬ 
nished  with  Va".  .290", 
5/16",  %"  or  W  fer¬ 
rule  or  cable  entrance. 
Knurled  nut  securely 
fastens  unit  together. 
Plugs  have  ceramic  in¬ 
sulation  and  sockets 
have  bakelita.  Quality 
construction.  Fine  fin¬ 
ish.  Assembly  meets 
Navy  specifications’. 

For  full  details  and  en¬ 
gineering  data  ask  for 
Jones  Catalog 
No.  CS-22 

JONES  MEANS 
Proven  Quality 


Howard  B  Jokes  Division 


CHICAGO  24  ILLINOIS 


•  Cotton  Interweave 

•  Form  Wound 

•  High  Temperature 

Send  us  your  coil  speci¬ 
fications  for  quotation. 

TRANSFORMERS  MADE  TO  ORDER 

THE  DANO  ELECTRIC 
COMPANY 

MAIN  STREET  •  WINSTED,  CONN. 
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EMPLOYMENT  OPPORTUNITIES 


General  Electric’s  Heavy  Military  Electronics  Dept. 

AWARDED  CDNTRACT  FDR 

Systems  Integration,  Engineering,  and  Management  of. . . 

AIR  WEAPDNS  CDNTRDL  SYSTEM  212  L 


.  /  universal  electronic  control  system  to  meet  the  vast  problem  of  Air  Defense 
outside  of  the  Continental  United  States 

Systems-oriented  engineers  and  scientists  will  appreciate  the  broadband  technical  challenge  of  the 
Air  >X'eapons  Control  System  2I2L.  There  are  important  openings  for  men  who  are  experienced  in; 
Weapons  Systems  Analysis  •  Mathematical  Analysis  of  Enoineerinc  Problems  •  Computer 
Programming  •  Military  Communication  Systems  •  Radar  Systems  •  Weapons  Control 
Systems  •  Electronic  Circuitry  •  Industrial  &  Military  Psychology 


9  Working  in  close  cooperation  with 
the  USAF,  it  is  Heavy  Military’s  re¬ 
sponsibility  to  integrate  all  subsys¬ 
tems— data  acquisition,  communica¬ 
tions,  data  processing  and  display  — 
plus  various  defensive  weapons  into 
a  well  coordinated  and  efficient  oper¬ 
ating  system. 

VERSATILE  AIR  CONTROL 
APPLICATIONS  The  revolution¬ 
ary  212L  can  be  used  to  defend  a 
single  airfield,  or,  by  linking  control 
sites  together,  it  could  be  used  in  a 
limited  action  to  provide  air  control 
for  an  area  the  size  of  Alaska.  Simi¬ 
larly,  by  linking  the  capabilities  of 
countries  together,  a  system  could  be 
provided  for  the  air  control  of  an  en¬ 


tire  continent.  Designed  for  both 
fixed  and  mobile  applications,  the 
2I2L  will  be  used  primarily  outside 
the  U.  S.  since  the  SAGE  system  is 
used  for  the  defense  of  this  country. 


HMED  IS  ALSO  DESIONINQ 
THE  “HEART" OP  THE  SYSTEM 

In  addition  to  its  prime  mission  of 
providing  systems  management, 
HMED  will  design,  develop  and  pro¬ 
duce  the  data  processing  and  dis¬ 
play  subsystem  which  is  the  "heart” 
of  the  212L.  Capable  of  rapidly  and 
automatically  detecting  and  tracking 
air  targets,  the  subsystem  operates 
without  human  assistance,  except  un¬ 
der  unusual  circumstances. 


HEAVY  MILITARY 

Jl  the  present  time  additional 
far-ranging  programs  are  being 
pursued  in  diuerse  and  impor¬ 
tant  areas  at  TilMED; 

•  Fixed  &  Mobile  Radar 

•  Shipborne  Radar 

•  Underwater  Detection  Systems 

•  Missile  Guidance 

•  Data  Handling  Systems 

•  Communications 


I 


Individuals  with  experience  in  systems  analysis  or  specific  equipment 
design  in  the  areas  listed  above  are  invited  to  forward  their  resume 
in  complete  confidence  to  Mr.  George  Callender,  Div.  69WY 


HEAVY  MILITARY  ELECTRONICS  DEPARTMENT 


Court  STjtEET 


GENERAL®  ELECTRIC 


Syracuse,  N.  Y. 
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Beattie  Oscillotron 

DIRECT 

VIEW 

Oscilloscope 
Recording  Camera 

Now,  get  a  direct  view  with  both  eyes  of 
the  cathode  ray  tube  while  you’re  re¬ 
cording.  No  mirrors  —  full,  clear  vision. 
The  new  Beattie  Direct-View  Oscillotron 
is  the  most  versatile  instrument  of  its 
kind  —  actually  three  cameras  in  one  — 
and  the  only  system  to  offer  all  these 
important  features: 

•  Direct  binocular  view  of  CRT. 

•  Non-reversed  image. 

•  Camera  swings  back  for  easy  access 
to  lens  and  shutter,  or  lifts  off  com¬ 
pletely.  Can  be  rotated. 

•  Available  with  large  Polaroid*  Land 
back  or  electrically-pulsed  35mm  or 
70mm  camera  for  automatic,  remote 
operation.  Adapters  for  film  pack  or 
sheet  film  available. 

•  Continuous  motion  magazines  avail¬ 
able  for  35mm  and  70mm  models. 

•  Electric  shutter  actuator  optional  with 
Polaroid*  Land  model. 

•  Attaches  easily  to  bezel  of  5"  CRT. 
Adaptable  to  other  sizes.  No  special 
tools. 

“Polaroid”®  by  Polaroid  Corp. 


Write  today  for  full  detaiU 
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BEATTIE-  1 

COLEMANtn..! 

1000  N.  Oliva  St.,  Anahaim,  California 
Branch:  437  Fifth  Ava.,  Naw  York,  N.Y. 


COMMENT 

Pulse  Circuit 

.  .  .  Concerning  the  article  “Cali¬ 
brated  Source  of  Millimicrosecond 
Pulses”  by  E.  J.  Martin  (p  56, 
Apr.  17)  .  .  . 

I  feel  it  is  necessary  to  mention 
that  the  measurement  of  pulse  am¬ 
plitude  by  the  means  provided  must 
be  made  while  the  mercury  relay 
S,  is  inoperative.  Otherwise  the  re¬ 
sult  of  the  measurement  will  be  re¬ 
lated  to  the  average  value  of  the 
voltage  appearing  on  the  slide  arm 
of  the  potentiometer  R,,  and  not  to 
the  required  peak  value  of  this  volt¬ 
age.  The  average  value  resulting 
when  the  relay  S,  is  driven  by  a 
60-cps  supply,  for  example,  is  de¬ 
pendent  to  an  unhandy  degree  on 
the  settings  of  the  range  multiplier 
switch  and  potentiometer  R.  as  well 
as  on  the  magnetic  characteristics 
of  the  relay. 

In  this  laboratory,  a  requirement 
for  a  continuous  automatic  record 
of  pulse-induced  effects  versus  the 
applied  pulse  amplitude  has  neces¬ 
sitated  the  use  of  a  peak  holding  de¬ 
vice  in  place  of  the  voltage-measur¬ 
ing  potentiometer  described. 

K.  C.  Smith 
McLennan  Laboratory 
University  of  Toronto 
Toronto,  Ont. 

.  .  .  Mr.  Smith  is,  of  course,  abso¬ 
lutely  correct  in  his  statement  that 
accurate  measurement  of  pulse  am¬ 
plitude  can  be  obtained  only  when 
the  mercury  switch  is  inoperative. 
The  fact  that  this  was  not  men¬ 
tioned  specifically  in  the  article  is 
an  oversight  on  my  part. 

Although  we  have  been  aware  of 
this  limitation  on  the  pulser,  until 
now  we  have  not  been  particularly 
concerned  about  it  since  our  work, 
unlike  Mr.  Smith’s,  has  not  required 
a  continuous  record  of  pulse  ampli¬ 
tude  .  .  . 

E.  J.  Martin 
University  op  Kansas  Research 
Foundation 
Lawrence,  Kans. 

Time  Delay 

I  wish  to  call  your  attention  to 
what  I  consider  a  complete  mis¬ 
nomer  in  an  article  I  submitted  to 
you.  The  article  was  published  in 
your  May  1  edition  (p  62)  under 


the  title  “Circuit  Provides  Dual  Re¬ 
lay.”  I  feel  that  the  word  Relay  is 
completely  misleading.  The  central 
idea  of  the  article  is  that  two  time 
delays  can  be  obtained  from  a  cir¬ 
cuit  containing  only  two  active  ele¬ 
ments. 

H.  P.  Brockman 
Westinghouse  Electric  Corp. 
Baltimore 

Author  Brockman  catches  us 
with  a  typographical  error  glar¬ 
ing.  The  title  should,  of  course, 
have  read  “Circuit  Provides  Dual 
Delay.” 

Challenge  of  Space 

For  several  weeks  I  have  intended 
writing  to  you  to  thank  you  for  the 
article  “The  Challenge  of  Space” 

( p  65,  Apr.  24 ) .  I  find  it  extremely 
useful  because  of  the  tremendous 
amount  of  information  you  have 
condensed  in  a  very  readable  form 
for  future  reference. 

I  can  recall  a  few  years  after 
World  War  II,  while  I  was  working 
for  the  Department  of  Defense  in 
Washington,  that  the  Air  Force  con¬ 
tracted  with  a  private  agency  to 
prepare  at  considerable  expen.se  a 
similar  document  with  respect  to 
the  then  existing  missile  activity. 

I  think  you  have  done  a  real 
service. 

Richard  M.  Emberson 
Associated  Universities  Inc. 

New  York 

Abbreviations 

In  your  Mar.  13  issue  (p  126)  you 
use  the  symbol  me  for,  presumably, 
megacycles  per  second,  and  in  the 
next  line  you  use  the  symbol  mw 
which  presumably  refers  to  milli¬ 
watts.  I  would  have  thought  it 
would  have  been  easier  for  your 
readers  if  you  adopted  the  interna¬ 
tionally  agreed  symbol  of  capital 
M  for  megacycle.  Can  you  not  take 
the  lead  in  this? 

H.  T.  Greatorex 
British  Broadcasting  Corp. 
London,  W  1 

We  cannot  find  any  record  of  in¬ 
ternational  agreement  on  this 
point  to  which  U.  S.  is  a  party.  To 
add  to  the  confusion,  the  letter  M 
is  used  (in  this  country  at  least) 
to  stand  for  1,000  (as  an  ohm 
designation  on  potentiometers,  for 
instance). 
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ASSIGNMENTS  NOW  OPEN  INCLUDE... 

MATHEMATICIAN:  to  handle  mathematical  analysis  of  advanced 
scientific  computer  programming  for  solution  of 
systems  problems,  differential  equations,  prob¬ 
ability-type  problems,  photogrammetry  problems. 

STATISTICIAN:  to  solve  analysis-of-variance  and  multiple-regres¬ 
sion  type  problems;  to  design  experiments  for 
various  engineering  applications  and  select  form 
of  statistical  analysis  of  greatest  value;  to  give 
statistical  support  to  engineering  departments  in 
such  areas  as  reliability  analysis  and  human  fac¬ 
tors  engineering  by  developing  statistical  pro¬ 
grams  for  the  IBM  704.  Statistical  experience  in 
engineering  problems  and  thorough  knowledge  of 
statistical  distribution  functions  necessary. 

RESEARCH  MATHEMATICIAN:  to  investigate  statistical  problems  in  control  sys¬ 
tem  research  on  digital  computer;  to  study  control 
problems  of  analog  to  digital  conversion,  with 
particular  reference  to  matrix  problems;  to  apply 
experience  with  networks,  statistics,  or  communi¬ 
cations  theory  to  problems  in  computer  design; 
to  solve  problems  involving  switching  theory, 
probability  and  information  theory,  and  coding.,. 


T 


M\ 


INTERNATIONAL  BUSINESS  MACHINES  CORPORATION 
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EMPLOYMENT  OPPORTUNITIES 

/JcUieoeme4ti  in  Action 
at  AVCO ... 


SCIENTISTS 


AND 


APPLIED  MATHEMATICIAN!  to  undertake  assignments  involving  knowledge  of 
feedback  control  theory,  data  systems  theory, 
servomechanisms,  information  theory,  statistical 
models,  heat  flow,  circuitry,  magnetics,  probability,  j 

MATHEMATICIAN  PROGRAMMER;  to  Specify  and  program  elements  of  a  sophisti¬ 
cated  automatic  programming  system.  Must  have 
considerable  experience  in  automatic  program¬ 
ming  research. 

OPERATIONAL  PROGRAMMER:  to  develop  computer  program  techniques  for  real¬ 
time  military  applications,  using  game  theory  and 
systems  simulation. 

OPERATIONS  RESEARCH  to  evaluate  closed  loop  systems  consisting  of 
MATHEMATICIAN:  computers,  radar  displays,  and  inertial  equip¬ 
ment;  to  simulate  advanced  weapons  systems  in 
order  to  evaluate  alternate  design  concepts;  to 
analyze  and  design  electromechanical  systems, 
studying  targets,  tactics,  and  operational  effec-  ! 
tiveness.  Experience  in  applying  advanced  mathe-  I 
matical  techniques  to  weapons  systems  analysis 
and  evaluation.  Knowledge  of  probability  and  lin¬ 
ear  programming  techniques. 

For  details,  write,  outlining 
background  and  interests,  to: 

Mr.  R.  E.  Rodgers,  Dept.  554  F4 
IBM  Corporation 
590  Madison  Avenue 
New  York  22,  N.  Y. 


ENGINEERS 


Achievement  is  habit  at  Avco! 

A  leader  in  the  field  of 
atmospheric  re-entry,  Avco  is 
now  providing  significant 
contributions  to  basic  and 
applied  research  in  Space  and 
Missile  Technology. 

Supervisory,  Senior  and  Junior  positions 
are  available  in  these  areas; 

•  ELECTRONICS 

•  MATHEMATICS 

•  PHYSICS 

•  CHEMISTRY 

•  MATERIALS 

•  FLIGHT  TEST  ENGINEERING 

•  DESIGN  ENGINEERING 

•  PRODUCT  ENGINEERING 

•  AERODYNAMICS 

•  APPLIED  MECHANICS 

•  THERMODYNAMICS  AND 
HEAT  TRANSFER 

Attractive  working  environnsent  outside 
of  metropolitan  Boston.  The  large,  fully 
equipped,  modern  laboratory  is  close 
to  Boston  educational  institutions  and 
cultural  events.  The  division  offers  a 
liberal  educational  assistance  program 
for  advanced  study. 

Forward  your  inquiry  to: 

E.  W.  Stupack, 

Manager,  Personnel  Relations 
Dept.  E-6 


201  Lowell  St,  Wilmington,  Mass. 


/ 


EMPLOYMENT  OPPORTUNITIES 


At  IHM,  creative  matliematicians  are  discoverinf?  irnportant,  new  applicationf<  of  mathematics  in  the 
electronic  computer  field.  Ix)nf>;  before  actual  construction  of  IHM’s  uniciue  Magnetic  Character 
Setjsing  Machine,  for  example,  mathematicians  were  at  work  on  a  mathematical  model,  testiuK  both  the 
over-all  desiKii  and  the  logic  circuitry  needed  for  character  recognition.  In  another  project,  mathematicians 
employed  large-scale  computers  to  simulate,  in  a  matter  of  weeks,  eight  years  of  engineering  work  which 
have  yet  to  begin.  Currently  under  study  are  vehicular  penetration  problems  involving  thousands  of 
variables.  Projects  of  this  sort  demand  keen,  discerning  minds.  If  you  have  a  flair  for  creative  mathematic.s, 
you’re  the  man  we  want  to  talk  to. 

You  will  enjoy  unusual  professional  freedom  and  the  support  of  a  wealth  of  systems  know-how. 
Comprehensive  education  programs  are  available,  plus  the  assistance  of  specialists  of  many  disciplines. 
Working  independently  or  as  a  member  of  a  small  team,  your  contributions  are  (piickly  recognized  and 
rewarded.  This  is  a  unique  opportunity  for  a  career  with  a  company  that  has  an  outstanding  growth  record. 


CAREERS  AVAILABLE  IN  THESE 


Analog  &  digital  computers 
Applied  mathematics 
Circuit  design 
Communications  theory 
Computer  system  design 
&  analysis 

Control  system  research 


Experimental  techniques 
Field  theory 

Human  factors  engineering 
Logic 

Mathematical  &  numerical 
analysis 

Operations  research 


AREAS  ... 

Probability  theory 
Reliability 

Scientific  programming 
Solid  state 
Statistics 
Switching  theory 
Theoretical  physics 


Qualifications:  B.S.,  M.S.,  or  Ph.D.  In 
Mathematics,  Physics,  Statistics,  Engi* 
neering  Science,  or  Electrical  Engineer, 
ing  — and  proven  ability  to  assume 
important  technical  responsibilities  in 
your  sphere  of  interest. 
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EMPLOYMENT  OPPORTUNITIES 


PHII-CO 

FAMOUS  FOR  \  QUAUTy\  THE  WORLD  OVER 

has  immediate  opportunities  for 
Electronic  Engineers 
&  Scientists 

- IN  PHILADELPHIA,  PA. - 

COMMUNICATIONS  8VSTBMS 

Systems  Analysis,  UHF  &  VHF  Development,  Receivers  &  Transmitters 
Transistorization,  Microwave  Development,  Telemetering 
Pulse  Circuit  Techniques,  IF  &  Video  Circuitry,  Miniaturization 

WBAFONS  SVSTBM8  A  RADAR 

Advanced  Systems,  Systems  Analysis,  Guidance  &  Navigation 
Radar  Development,  Data  Transmission,  Display  Development 
Missile  Fuzing,  Aerodynamics,  Applied  Mechanics 

BUBCTRONIC  DATA  PROCB88INO 

Product  Planning,  Systems  Analysis,  Memory  Development 
Input  and  Output, Test  &  Evaluation,  Production  Engineering 
Programming,  Field  Service  Engineers,  Instructors  &  Writers 
Send  Confidential  Resume  to  Mr.  J.  R.  Barr,  Engineering  Employment  Manager 

Government  and 
Industrial  Division 


4730  Wissahickon  Avenue,  Philadelphia  44,  Pa. 


PROPOSAL  ENGINEERS 

You  will  determine  government  requirements,  recom¬ 
mend  the  tone  and  contents  and  participate  in  the 
preparation  of  technical  proposals  and  make  pre¬ 
sentations  to  customers.  You  must  have  a  BSEE  and 
some  systems  experience  in  communications,  surface 
radar,  airborne  radar,  ordnance  radar  or  underseas 
warfare. 

FIELD  REPRESENTATIVES 

You  will  participate  in  proposal  preparation  and 
perform  proposal  liaison  functions.  You  should  have 
a  BSEE  and  five  to  ten  years'  experience  representing 
the  electronics  industry  to  government  procurement 


These  positions  are  with  one  of  the  country's 
leading  military  electronics  companies.  Re¬ 
location  assistance  and  full  modern  benefits. 
Please  send  detailed  resume  to 

P-1826  ELECTRONICS 

Class  Adv.  Div.,  P.  O.  Box  12,  N.  Y.  36,  N.  Y. 


ELECTRONIC  ENGINEERS 
UNUSUAL  OPPORTUNITY 

Crowing  Midwott  monufoeturor  of  closod 
circuit  tolovition  sooks  exporiencod  oUctron- 
ic  enginoors  to  pormit  furthor  growth  and 
divortification.  As  a  small  organization 
wo  must  havo  top  flight  onginoors  and  do- 
signors  who  con  oxpoct  to  bo  amply  ro- 
wardod  for  thoir  occomplishmonts. 

Background  should  includo  throo  to  four 
yoors  of  vidoo  circuit  dosign,  pulso  toch- 
niquos,  r-f,  camera  tube  circuitry,  or  sim¬ 
ilar  activity. 

Company  hat  on  improssivo  record  of 
ochiovomont  in  industrial  applications  and 
has  a  sound -flnancial  background, 
fliooso  send  comp/oto  resume  with  references 
to: 

General  Manager,  Electronics  Division 
Diamond  Power  Specialty  Corporation 
Lancaster,  Ohio 


INFRARED  RADIATION 
RES.  &  DEV. 
ELECTRONIC  ENGINEER 

To  work  on  unusual  applications.  In¬ 
frared  experience  desirable  but  not 
essential.  Unique  opportunity  ior  o 
capoble  man  seeking  new  horiions. 
Small,  autonomous  group  in  old,  diver¬ 
sified  company. 

THE  WARNER  I  SWASEY  CO. 

CONTROL  INSTRUMENT  DIV. 
34  W.  33  St.,  New  York  1. 


CIRCUIT  DESIGN  ENGINEERS 

$I2,000-S14,000 

Start  in  newly  expanding  organization 
holding  prime  contracts  ottering  unlimited 
iuture  potential.  Quick  action.  Company 
pays  tees  and  expenses. 

MONARCH  PERSONNEL 
28  E.  Jackson  Blvd.  Chicago  II,  Illinois 


SERVO  ENGINEERS 

$12,000-S15,000 

Client  desires  encineers  with  5  or  more  years  ex. 
perience  in  closed  loop,  hiahly  stabilized  control 
systems.  Theae  systems  used  on  olectronic  manu- 
lacturlnf  eeulpmant.  Company  assumts  interviaw- 
inf.  movinp  and  apeney  expanses.  Mail  reaume  in 
cenSdence. 

ESauiRE  PERSONNEL 

202  South  Slate  Street.  ChiCMO  4,  Illinois 


AOnUEttH  HOX  NO.  HF.PLIEa  TO:  Box  No. 
CtoKniflfd  Ado.  Dir.  of  this  piiliHralion. 
Send  to  office  nrorrtl  you. 

NEW  YORK  Sd:  P.  O.  BOX  12 

CHfC.AdO  It:  520  N.  Mifhiijnn  Are. 
BAN  FRANCfBCO  <;  68  Pott  8t. 


POSITION  WANTED 

Electrical  Cntineer,  BSEE,  Age  ST,  BeE-  PE. 

electro-medical  and  data  presentation  devel¬ 
opment  experience  and  patents.  Desires  work 
in  electro-medical  or  sonar  development. 
PW-1920.  Electronics. 


Your  Inquiries  to  Advertisers 
Will  Have  Special  Value  .  .  . 

— Tor  you — the  sdrertlser — and  the  publisher,  if 
you  mentioo  thie  pubUcation.  AdrerUaera  sslue 
hiahly  thli  erldence  of  the  pubUoation  you  read. 
SstlaOed  adrectlsera  ensble  the  publlshere  to 
seoure  more  adrertlsera  and — more  adrertlaeni 
mean  ouwe  Information  on  more  products  or 
better  serrioe — more  rslue — to  YOU. 
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EMPLOYMENT  OPPORTUNITIES 


Engineers 


Immediate 
Staff  Build-Up 


COMMERCIAL 
&  MILITARY 

PRODUCT  DESIGN 
PROGRAMS 

at  General  ilectrWs 
Communleatlon  Products  Dept. 

In  Lynchburg,  Virginia 

Serving:  both  industrial  and  mili¬ 
tary  customers,  the  Communication 
Products  Department  offers  engi¬ 
neers  a  unique  type  of  professional 
stimulation— through  participation 
in  integrated  design  and  produc¬ 
tion  programs  in  advanced  commu¬ 
nication  systems. 

Industrial  products  of  Microwave 
Radio  Relay,  Mobile  and  Powerline 
Carrier  Current  communication 
systems  comprise  the  major  por¬ 
tion  of  Department  sales.  These 
are  often  related  to  other  projects 
for  the  Department  of  Defense, 
such  as  our  contract  for  design  and 
manufacture  of  a  24  channel  tro¬ 
pospheric  scatter  system. 

Engineers  here  frequently  have 
the  opportunity  to  contribute  to 
both  types  of  programs. 

Immediate  openings  for  men 
teilh  Project  Engineering  or 
Group  Leading  experience  in 
these  areas! 

PARAMETRIC  DEVICES  •  TUNNEL  EFFECT 
DEVICES  •  MICROMINIATURIZATION  • 
MICROWAVE  CIRCUITRY  AND  PLUMBING 
•  TRANSISTOR  CIRCUITS  •  PIEZOELEC¬ 
TRIC  AND  ELECTROMECHANICAL  FIL¬ 
TERS*  DATA  TRANSMISSION  SYSTEMS* 
multiple/  systems  *  TROPOSPHERIC 
AND  METEORIC  SCATTER  *  PRINTED 
CIRCUITS 

Write  for  data  sheets  on  the  De¬ 
partment  and  literature  describing 
the  attractive  residential  city  of 
Lynchburg.  Address  Mr.  Arthur 
Guy,  Section  6»-WY. 

COMMUNICATION  PRODUCTS  DEPT. 

i6ENERAL@ELECTRIC 

^  Mountain  View  Road 
>7  Lynchburg,  Virginia 


sBcoNo  IN  A  aaaiBS 


The  Role  of 
Mathematics  in  the 
Security  of  l\lations*** 

A  Problem  that  is  challenging  creative  minds 
at  Sylvania’s  Data  Systems  Operations 


Throughout  the  pages  of  recorded 
history,  mathematics  has  guarded 
man  against  the  forces  of  nature 
and  human  enemies.  For  example, 
one  of  the  earliest  applications  of 
applied  methematics  was  the  nilo- 
meter  used  by  the  priests  of  ancient 


tive  of  the  significant  programs 
now  under  way  arc  the  data  proc¬ 
essing  phase  of  BMEWS,  the 
USAF’s  Ballistic  Missile  Early 
Warning  System,  and  MOBIDIC, 
first  large-scale,  mobile  digital 
computer  designed  and  developed 
“  ^  ]l  fo*"  *he  U.  S.  Army 
Signal  Corps. 


Egypt  to  record  the  rising  waters 
of  the  Nile.  This  simple  device 
warned  the  populace  of  devastat¬ 
ing  floods.  5,500  years  later  mathe¬ 
matics  still  stands  between  man 
and  destruction  from  a  far  graver 
danger  —  enemy  ICBMs. 

At  Sylvania’s  Data  Systems  Opera¬ 
tions,  advanced  research  and  de¬ 
velopment  programs  are  under  way 
to  expand  use  of  this  common  lan¬ 
guage  of  science  and  thereby  ex¬ 
tend  man’s  capabilities  across 
broad  technological  areas.  Indica- 


p  Sylvania’s  interest  is 

A  in  senior  men  of  cx- 

tremcly  high  profes- 
sional  capabilities, 

.  who  have  the  initia¬ 

tive  to  formulate  their 
own  research  ap« 
-  ■■■  -IJ  proaches  and  provide 
the  leadership  required  to  make 
major  advances  in  computer  pro¬ 
gramming.  These  men  should  have 
a  minimum  of  5  years’  experience, 
possess  an  advanced  degree  (PhD 
preferred),  and  be  able  to  project 
their  thinking  beyond  present  tech¬ 
nological  constrictions.  There  are 
immediate  positions  for: 

*  SENIOR  MATHEMATICIAN 

*  SENIOR  COMPUTER  PR06RAMMER- 
R«al-riiM  Systims 

*  SENIOR  COMPUTER  PROGRAMMER - 
Rtscarch 


Please  send  resume  to  J.  B.  Dewing 

DATA  SYSTEMS  OPERATIONS 


"SYl^NIA  ELECTRONIC  SYSTEMS 

A  DIVISION  OF  SYLVANIA  ELECTRIC  NOOUCTSINt^^^ 


189  B  Street  —  Needham  94,  Massachusetts 


II 


EMPLOYMENT  OPPORTUNITIES 


<i>  ENGINEERS 


Ck>ntinued  lond  raniie  expansion  at  Farrington  Mfg.  Com* 
pany  and  its  affiliate,  Intelli{(ent  Machines  Research  Corpo* 
ration,  is  creatin|  unlimited  R  &  D  eniiineering  opportunities. 
Originator  of  Automated  Credit  Identification  equipment  such  as 
Char|(a-Plate,  Farrin|(ton/lMR  has  developed  Scandex,  the  only 
optical  scanning  character-sensing  system  now  in  actual  oper¬ 
ation.  IMR’s  work  is  virtually  all  in  the  commercial/business 
field. 

We  need  graduate  engineers  at  all  levels  from  recent  grad¬ 
uates  to  Ph.  D's.  Requires  strong  interests  and  backgrounds  in 
digital  circuits,  optics,  electro-mechanical  devices,  amplifiers, 
triggers,  logic  gates.  Will  connect  business  machines  with  char¬ 
acter  sensing  machines,  and  develop  new  methods  of  scanning 
or  logic,  experimentation  and  evaluation  of  components  and  sub¬ 
assemblers. 

For  ambitious  engineers  we  have  challenging  openings  in  the 
Boston  and  the  Washington,  D.  C.  areas.  Both  are  ideal  loca¬ 
tions  with  their  proximity  to  top  educational  and  cultural  re¬ 
sources,  fine  medical  facilities  and  diversified  recreational  areas. 

//  you  are  seeking  engineering  challenge,  satisfaction  with 
your  work  and  promotion  potential,  send  full  resume  in  com¬ 
plete  confidence  to  W.  P,  de  Mille,  Director  of  Industrial  Rela¬ 
tions. 


MANUFACTURING  CO. 

New  England  Industrial  Center 
NEEDHAM  HEIGHTS  94,  MASS. 


SEARCHLIGHT 

SECTION 

(Cloiiifted  Advertising) 
BUSINESS  OPPORTUNITIES 
EQUIPMENT  ■  USED  or  RESALE 


DISPLAYED  RATE 

The  adverttilng  rate  la  124.75  per  inch  for 
all  advertising  appearing  on  other  than  a 
contract  baaia.  Contract  rates  quoted  on 
request.  AN  ADVKRTISING  INCH  la 
measured  %  Inch  vertically  on  one 
column,  3  columns — 30  inches— to  a  page. 
EQUIPMENT  WANTED  or  FOR  SALE 
ADVERTISEMENTS  acceptable  only  in 
Displayed  Style. 

UNDISPLAYED  RATE 

$2.40  a  line,  minimum  3  lines.  To  figure 
advance  payment  count  5  average  words 
as  a  line. 

PROPOSALS,  $2.40  a  line  an  Insertion. 
Box  NUMBERS  count  as  one  line  addl* 
tionil  In  undisplayed  ads. 

DISCOUNT  of  10^  if  full  payment  is 
made  In  advance  for  four  consec  utive  In¬ 
sertions  of  undisplayed  ads  (not  Including 
proposals). 


We  ore  Disfribufort  oikI  corry 
fuff  Sfeclr  for  fmmediofe  Defivery 

^  NEON  and  MINIATURE  LAMPS 
Msrkle-KoHf  Geared  Motor*  in  all  epeodi 
Wheelef  Sound  Powered  Telephone* 

Veeder  Root  Counten— Micro  Switehet 
Guardian  Electiic  Ralayt  &  Solenoid* 
Timine  Devleoe  by  Industrial  Timar  Corp. 
Linemaster  Footswitehei — Etc. 

iPctte^  8- 

W«  have  practically  all  typac  of  Relay,  in  larpa 
jiiantiU«jjread2_^to_deliver^^Nojaaitinj^^__^_^^ 
Sac  our  larpc  ad  in  March  13,  1959  ittue  pcpc  314 
INCLUDE 
POSTAGE 
A4B  Day  St. 
Naw  York  7 
N.  Y. 


ENGINEERING  SUPERVISOR— ELECTRICAL  DEVELOPMENT 

Suparvia*  Ganaral  Hdadquartara  Laboratory  group  ior  davolopmant  oi  maehino  con¬ 
trol  ayatomt  and  automatic  toil  oquipmant,  including  tap*,  numorlcal  and  iood-back 
typos.  Primarily  ior  varioua  commsrcial  dlTisions  oi  tbs  company. 

Rsquirsa  doqros  in  Eloctrical  Enqinosring  with  soms  qraduots  study  prsisrrsd,  and 
sight  to  ton  yoars'  dssign  sxpsrisncs  in  this  iield.  Should  includs  knowlodgs  oi  appli¬ 
cation  ol  magamps  and  transistors  to  abovs  work,  plus  soms  sxpsrisncs  with  digital 
and  analog  computsrs. 

Sond  rssums  and  salary  rsquirsmsnt  to: 

Mr.  R.  L.  Sauer 

WESTINGHOUSE  ELECTRIC  CORPORATION 
P.  O.  Box  2278  PITTSBURGH  30,  PENNSYLVANIA 


WANTED: 

ALLEN-BRADLEY 

RESISTORS 

POTENTIOMETERS 

CAPACITORS 

ANY  VALUES  and  TYPES 


LEGRI  S  COMPANY 

391  Rivsrdale  Ave.  Yonkers  5,  N.  Y. 


PHOTOSURFACES  PHYSICIST 
OR  ENGINEER 

Expanding  midvreit  Corporation  manufacturing 
talaviiion  pickup  tubes  and  photosensitive 
devices^  os  well  as  a  complete  line  of  tele* 
vision  equipment^  seeks  a  competent  technical 
man  to  head  the  tube  development  loborotory. 
Applicant  must  be  well  grounded  in  photo¬ 
sensitive  surfaces,  their  development,  forma¬ 
tion  and  measurement.  Should  hove  thorough 
background  in  high  vacuum  technique,  tube 
design,  electron  optics  and  associated  skills. 

Send  complete  reaume  to: 

Oeneral  Monoger,  Elecfrenict  Division, 
Diamond  Power  Specialty  Cerporotion, 

Rex  415,  Lancaster,  Ohio 


ELECTRONIC  ENGINEERS 

New  electronics  division  of  an  established  airoraft 
and  missile  firm  offers  iround  floor  oiportunltles 
for  all  lavels  of  enfinaors.  Oesitn.  systems  A  cir* 
cult  analysis  for  section  heads  and  project  enpi* 
neers. 

Reply  In  confidence  to:  John  Allen 
6  Nc  Michipan  Ave..  Room  708.  Chicapo  2,  III. 
Financial  8-1155 


SAlafX  MA.NAViKIt;  To  dirwt  all  iiiarkHinK 
atnivitif^  ot  hiuxII  nianufaiiurcr  of  VIIF  television 
distiilxition  f<iulptnent.  low  noi.w  and  siMK^ializetl 
aiiipUtlei>.  Must  lixve  eniiliie4*i’inK  education  and 
substantial  MU'eessfiii  sales  nianaxeiiient  experi¬ 
ence.  Considerahte  tia\el.  Licated  in  small  aca¬ 
demic  rommunir>  in  mountains  or  t'entral  Penn- 
sybania  for  deiiKlitliil  Uvinx  and  family  raising. 
(Irowth  optMirtunIty.  Salary'  and  stock  option. 
Apply  to  Mr.  James  R.  Palmer.  Community  Enpi. 
necring  Corporation,  Box  824.  State  College. 
Penna. _ 


MANUFACTURERS' 

REPRESENTATIVES 

IN  THE  ELECTRONIC  INDUSTRY 
CONTRACT  RATES  GIVEN  ON 
REQUEST.  WRITE 


ELECTRONICS 


SAMUEL  K.  MACDONALD,  INC. 

monufocturerj  represenfofives  over  25  ycors 

1531  SPRUCE  STREET,  PHILA 

2,  PA. 

Territory: 

Other  Officer 

Pennsytvonio  •  New  Jersey 

Pittsburgh 

Delawore  •  Maryiond 

Boltimore 

Virginio  •  West  Virgtnio  Wash 

lington,  D.C 

District  of  Cofumbio 

SURPLUS  PARTS  &  SYSTEMS 

Radar  Sot  AN/FPS-4,  Transmitter  CDE  52362, 
Radar  Set  AN/TRC-12,  EM  T-R  T30/TRC8  230- 
250MC,  Mognetrons  QK221,  Height  Indicator 
CPS-6B,  Radar  FPS3,  CPS-5,  7UAY,  Telephone 
Carrier  Systems  CF2A  &  CF2B,  X  Band  Radar 
Set  TPS/100,  Miscellaneous  Electronic  Surplus 
and  Scrap. 

ELECTRO-TIMER,  INC.  Box  587  W.  Caldwell,  N.J. 


Professional 

Services 


ERCO  RADIO 
LABORATORIES,  INC. 

Radio  Communications  Equipment 

E^ngtnecrlnR  •  DcBign  -  Development  •  I*ruductlon 
Our  30th  Year  In  Air  to  Ground 
('onununicatlon  and  Radio  Bearons 
Garden  City  e  laing  Island  e  New  York 


90 


JUNE  26,  19S9  •  ELECTRONICS 


WRITE  OR  WIRE  EOR  INFORMATION  ON  OUR 
COMPIETE  LINE  OF  SURPLUS  ELECTRONIC 
COMPONENTS.  ALL  PRICE^  NET  F.O.B. 
PASADENA,  CALIFORNIA 


AM-)023  Mad*  by  Gilfillan  Bros.,  Inc.  Us*ful 
for  computers  ...  for  polarity  inversion 
...  for  isolation  .  .  .  and  to  annplify  volt¬ 
ages  from  DC  to  10  cps.  Useful  clos^loop 
gain  is  from  0.1  to  500.  Maxinrum  output 
rang*  is  from  —ISO  v  to  +150  v.  Drift  less 
than  10  mv/hour.  Input  point  tends  to  go 
to  ground  potential  because  of  the  feedbeck 
loop  and  internal  circuitry;  therefor*  deter¬ 
mines  the  input  impedance.  Accuracy  of  the 
gam  figure  is  important  in  instrumentation. 


2I7A-E  lost  Colorade  St. 
Powdeno  S,  Cetiternio 
^  RYon  1-7393  a 


Jt  's  the  closed-loop  gain  divided  by  the  open- 
loop-gain  of  200,000;  accuracy  to  match,  a 
P'tdetermined  gain  of  500  is  accurate  to  '4%, 
and  lesser  gains  exceed  the  accuracy  of  prac¬ 
ticable  obtainable  resistors.  The  amplifier  is 
complete  with  tubes,  chopper  and  circuit  dia¬ 
gram.  The  circuit  diagram  gives  the  voltages  to 
be  furnished  by  an  external  power  supply.  The 
Brown  Converter  ("For  Continuous  Balance  Sys¬ 
tem")  is  the  late  type  6-pin  plug-in  with  two- 
pin  side  connector. 

Complete  amplifier  unit . $49.50 


SIMPLE  DIFFERENTIAL 
WITH  BALL-BEARING 
SUN  GEARS 


Type  AG,  frame  364Y, 
7.5  kw,  3428  rpm,  pf 
.95.  Star  connected 
120/206  3  phase  22 
amps.  Delta  connected 
120  volt  single  phase 
66  amps.  Self  excited. 
Complete  with  control 
box,  voltage  regulator, 
AC  voltmeter  and  fre- 

3uency  meter.  Shaft  1" 
ia.,  2"  long;  overall 
dim.  of  unit:  21"x18"x 
20". 

Price  $395.00  each 


1  32  pitch  brass  with 

/  3/16"  available  face. 

On  one  side,  the  shaft 
is  23.64"  dia.  for 
11/16"  and  has  a  pin  hole,  then  increases  in 
dia.  to  .377"  for  the  remaining  3/16"  of  length. 
On  the  other  side,  the  shaft  is  .377  dia.  Va"  Ig. 
2-13/16"  dia.  is  required  to  clear  the  body. 
Stock  no.  A6-115 . each  $15.00 


simple  differentul 

WITH  SPACED- 
OUT  SUN  GEARS 

_  reverse  ra- 

tio  spur  gears 

are  aluminum, 

3/32"  face,  32 
V  pitch,  32  tooth  on 

one  side,  48  tooth 
on  the  other.  The 
body  is  thick,  but  the  sun  gears  are  spaced 
out  so  that  they  are  IVb"  apart.  Va"  dia.  shaft 
on  each  side  is  23/32"  long.  OA  length  3Vs". 
Requires  1-23/32"  dia.  to  clear  the  body. 
Stock  no.  A6-124 . each  $4.50 


SYNCHROS 

SERVOS 


MINNEAPOLIS-HONEYWELL  RATE  GYRO 
(Control  Fliglit) 

Part  JG7005A,  115 
volts  A.C.,  400  cycle, 
single  phase  potentiom- 
B  eter  take  off  resistance 

530  ohms.  Speed  21,000 
r.p.m.  Angular  momen- 
turn  T/i  million,  CM>/ 
sec.  Weight  2  lbs.  Di- 
ff'tnsion*  4->/32  X 
3-39/32  X  3-31/64. 

■  Prie*  $22.50 


1CT  cont.  Trans  90/55V  60  cy.  $34.50 

IDG  Diff.  Gen.  90/90V  60  cy.  34.50 

IF  Syn.  Mtr.  1I5/90V  60  cy.  34.50 

IG  Gen.  II5V  60  cy.  34.50 

I  HDG  37.50 

1HCT  37.50 

1HG  37.50 

1SF  Syn.  Mtr.  I15/90V  400  cv.  12.50 

5CT  Cor,;.  Trent  %r33V  60  «y.  34.50 

5D  Diff.  Mtr.  90/90V  60  cy.  34.50 

5DG  Diff.  Gen.  90/90V  60  cy.  34.50 

5F  Syn.  Mtr.  11S/90VAC  60  cy.  34.50 

5G  Syn.  Gen.  115/90VAC  60  cy.  34.50 

5HCT  Cont.  Trans.  90/55V  60  cy.  37.50 

5SDG  Diff.  Gen.  90/90V  400  cy.  12.50 

60G  Diff.  Gen.  90/90V  60  cy.  25.00 

6G  Syn.  Gen.  II5/90VAC  60  cy.  34.50 

7G  Syn.  Gen.  115/90VAC  60  cy.  42.50 

7DG  differential  generator,  90/W  volts, 

60  cycle  37.50 

C56701  Tyo*  11-4  Rep.  115V  60  cy.  20.00 
C69405-2  Type  1-1  Transm.  115V  60  cy.  20.00 

C69406  Syn.  Transm.  115V  60  cy.  20.00 

C69406-1  Type  11-2  Rep.  1 15V  60  cy.  20.00 

C76I66  Volt.  Rec.  1 15V  60  cy.  10.00 

C78248  Syn.  Transm.  1ISV  60  cy.  12.50 

C78249  Syn.  Diff.  11SV  60  cy.  5.00 

C78410  Repeater  I1SV  60  cy.  20.00 

C78863  Repeater  11SV  60  cy.  7.50 

C79331  Transm.  Type  1-4  115V  60  cy.  20.00 

851  Bendix  Autosyn  Mtr.  22V  60  cy.  7.50 

403  Kollsman  Autosyn  Mtr.  32V  60  cy.  7.50 

FPE-25-11  Diehl  Servo  75/115  v  60  cv.  12.50 

FPE  49-7  Diehl  servo  motor,  115  volts, 

60  cycle,  10  watts  30.00 

FPE-43-1  Resolver  400  cy.  19.50 

FJE-43-9  Resolver  115V  400  cy.  15.00 

RII0-2A  Kearfott  Cont.  Mfr.  17.50 

R1II-2A  20.00 

R112-2D-B  22.50 

R200-1-A  Kearfott  Cont.  Trans.  15.00 

R220-1  Kearfott  Receiver  20.00 

R235-I0  Kearfott  Resolver  20.00 

AY201  2B  15.00 

AY201-3B  12.50 

AY201S-1B  15.00 

AY221-34  10.00 


VARIABLE  SPEED  BALL  DISC 

INTEGRATORS 

No.  145 

Forward  &  Reverse  2<4-(>-2Vii.  Input  shaft 
spline  gear  12  teeth  9/32"  dia.  long.  Out¬ 
put  shaft  15/64"  dia.  x  15/32"  long.  Control 
shaft  11/32"  X  long.  Cast  aluminum  con¬ 
struction.  Approx,  size  3"  x 
3"  X  2Va"  . $17.50 

No.  146  ^31^ 

Forward  &  Reverse  4-0-4.  In- 

pot  shaft  5/16"  die.  x  jpl*- 

long:  Output  shaft  15/64" 

dia.  X  9/16"  long.  Control 

shaft  11/64"  dia.  x  11/16" 

long.  Cast  aluminum  con-  $18  SO  ma 

struction.  Approx,  size  4'/^"  ^ 

X  4</^"  X  4".  (All  Shafts  Ball  Bearing  Sepperted) 


1 : 1  reverse  ra-  -  . . 
tio,  60  teeth  ^ 
on  large  gear; 

Va"  shaft. 
Size:  3"  long 
1-15/16"  dia. 
Stock  no.  A6-104. 


SMALL  DC 
MOTORS 


Size:  V/a"  long  x 
1-7/16"  dia.  Shaft 
size:  W  and  5/32' 
Stock  no.  A6-107... 


(approx,  size  overall  3%"  x  IVSi"  dia.i) 
5067043  Delco  12  VDC  PM  I"  x  I"  x  2", 
10,000  rpm.  $7.50 

5067126  Delco  PM,  27  VDC,  125  RPM, 

Governor  Controlled  15.00  *a. 

5069600  Delco  PM  27.5  VDC  250  rpm  12.50 

5069230  Delco  PM  27.5  VDC  145  rpm  15.00 

5068750  Delco  27.5  VDC  160  rpm  w.  brake  6.50 
5068571  Delco  PM  27.5  VDC  10,000  rpm 
(1x1x2")  5.00 

5069790  Delco  PM,  27  VDC,  100  RPM, 

Governor  Controlled  IS.OO  **. 

5072735  Delco  27  VDC  200  rpm  governor  con¬ 
trolled.  15.00 

5BAI0A1I8  GE  24  VDC  110  rpm  10.00 

5BA10AJ37  GE  27  VDC  250  rpm  reversible  10.00 
5BAIOAJ52  27  VDC  145  rpm  reversible  12.50 
5BAI0AJS0,  G.E.,  12  VDC,  140  rpm  15.00 

5BA10FJ401B,  G.E.  28  VDC,  215  rpm, 

10  oz.  In.,  .7  amp.  contains  brake  15.00 
5BAIOFJ42I,  G.E.  26  VDC,  4  rpm,  reversible, 

6  oz.  in.,  .65  amp  15.00 

$.  S.  FD6-2I  Diehl  24  VDC  PM  10,000  rpm. 
1"  X  1"  X  2".  4.00 


SPERRY  VERTICAL  GYRO 


Part  #653265.  Motor 

115  volts,  3  phase,  400 

cycle,  8  watts,  20,000 

RPM.  3-minute  runup,  synchro  pickoffs,  roll 

360°,  pitch  85°.  Synchro  excitation  26  volts, 

400  cycle,  150  m.a.  Vertical  accuracy 

Weight  3Vb  lbs.  Approx,  dim.  5%"  L.,  4Vj" 

W.,  4W  H.  Price  $35.00 
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loop  problems?  How  to  rescue 
'  microvolt  sigfials 

from  volts  of  noise? 


HERE’S  WHY  KIN  TEL’S  DIFFERENTIAL 


DC  AMPLIFIERS  FIT  IN  INSTRUMENTATION  SYSTEMS 


180  db  DC,  130  db  60  cycle  common  mode  rejection  with  balanced  or 
unbalanced  input  ■  Input  completely  isolated  from  output  ■  Input  and 
output  differential  and  floating  ■  5  microvolt  stability  for  thousands  of 
hours  ■  .05%  linearity,  0.1  %  gain  stability  ■  Gain  of  10  to  1000  in  five 
steps  ■  >5  megohms  input,  <2  ohms  output  impedance  ■  100  cycle 
bandwidth  ■  Integral  power  supply 

These  are  just  a  few  of  the  many  outstanding  features  of  the  Model 
114A  differential  DC  amplifier... features  that  make  this  amplifier 
really  work  in  instrumentation  systems . . .  features  that  will  help  solve 
your  instrumentation  problems  today. 

Ideal  for  thermocouple  amplification,  the  1 14A  eliminates  ground  loop 
problems;  allows  the  use  of  a  common  transducer  power  supply;  per¬ 
mits  longer  cable  runs;  drives  grounded,  ungrounded  or  balanced  loads, 
and  can  be  used  inverting  or  non-inverting.  Price  $875. 

For  additional  information  and  technical  literature  on  this  exceptional 
instrument,  write  or  call  kin  tel  -  the  world’s  largest  manufacturer  of 
precision,  chopper-stabilized  DC  instruments. 

KIN  TEL  1I4A 
differential  DC  amplifiers 
...convenient,  interchange¬ 
able  plug-in  mounting  in 
either  6-amplifier  19"  rack 
mount  modules  or  single¬ 
amplifier  cabinets. 


5725  Kearny  Villa  Road,  San  Diego  II,  Calif. 

Phone:  BRowning  7-6700 
Representatives  in  all  major  cities 


INDEX  TO  ADVERTISERS 


You  are  there  -  with  Cinema... 

Professor 

CLYDE  BEATNIK 


(Somewhere  way  out) 


Q.  — "Hello,  Professor,  are  you 
working  on  some  new  electronic 
experiment?" 


A.  —  "Not  me,  Daddyo,  that  stuff 
I  don’t  dig.  And  I’m  no  Prof,  just 
call  me  Clyde." 

Q,  — "If  you're  not  a  Professor, 
what  are  you  doing  with  a  CINEMA 
Terminal  Board  Switch?" 

A. —"Man,  I  thought  it  was  one 
of  those  crazy  small  vibraharps 
we  could  use  in  our  jumpin’ 
combo." 

Q.  — "Oh,  are  you  a  musician?" 

A. —  "I’m  not  Governor  Nelson 
Rockefeller,  friend." 

Q.  — "Do  you  think  everybody 
should  take  up  music  as  a  hobby? 

A.  —  "Beats  me.  Dad,  but  if  they 
do  let  me  know  if  you  hear  of  a 
good  vibraharp  player." 

Maybe  it's  not  a 
vibraharp,  Clyde, 
but  it  sure  is  sweet 
music  to  labora* 
tory  problems.  For 
CINEMA  ENGINEERING'S  in¬ 
strument  switches  use  a  time¬ 
saving  Terminal  Board  design. 
Four  years  of  engineering  per¬ 
mits  the  advance  planning  of 
modular  harness  layouts  in 
CINEMA'S  CETE  and  NETE 
switches.  Each  terminal  is  indi¬ 
vidually  identified,  thereby 
saving  costly  last-minute  super¬ 
vision  and  eliminating  guess¬ 
work.  They're  ideal  for  moderate 
and  complex  switching  and  wir¬ 
ing  applications.  Write  for  our 
catalog  17S  today. 

^:iNEMA 

ENGINEERINe 

DIVISION  AtHOYOX  CONfOXATION 

1100  CHESTNUT  •  BURBANK,  CALIF. 
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vacuum-melted  \ 

N-132  CATHODE 
BASE  MATERIAL 

brings  you  greater 

TUBE  RELIABILITY 


N-132  cathode  base  material,  produced  by  a  vacuum-melting  process... an  RCA 
development... IS  a  new  and  extraordinary  base  composition  for  cathodes.  N-132  makes 
possible  substantial  improvements  in  cathode  uniformity,  contributing  significantly  to  the 
reliability  and  performance  of  Electron  Tubes. 

Vacuum-melting  reduces  the  level  of  contaminants  such  as  copper  and  sulphur. 

It  al.so  permits  rigid  controls  to  be  placed  on  the  presence  of  essential  elements  such 
as  carbon,  magnesium,  manganese,  silicon,  and  titanium.  As  a  result,  this  process 
yields  exceptional  uniformity  from  one  melt  to  another,  therefore  holding  cathode 
characteristics  within  strict  limits.  In  addition,  the  “process”  reduces  the  deoxidizing  agents 
usually  employed  in  proces.sing  nickel  “batches”.  This  minimizes  the  possibility  of 
gaseous  contamination  as  the  cathode  material  heats  and  ages,  assuring  long  term, 
reliable  performance  in  high  impedance  circuits. 

RCA  Tubes  utilizing  N-132  Cathode  material  can  add  a 
greater  element  of  reliability  to  your  circuits.  Ask  your  RCA 
Repre.sentative — he’ll  be  glad  to  prove  the  point. 
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